WD 2011/ 003996PCT/ EP2010/ 059858 I n vivo tunor vascul ature imaging 5 The
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rel ates to non-invasive nmethods of and uses for in vivo nonitoring the
therapeutic efficacy of an anti-angi ogenic agent in a subject 10 conprising
detecting a fluorescence | abelled anti-CD31 anti body. In addition, a kit
for use in the nethods of the present invention is provided which conprises
a fluorescence |abelled anti-CD31 anti body and neans for near-infrared

fl uorescence inaging to detect the anti body in a subject. 15 Bl ood vessel
formati on occurs through the process of vascul ogenesi s and angi ogenesi s.
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Chem stry & Biology 1999; Vol. 6:217-224). 2 stinulating factors is the
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suggesting that vasculogenesis can occur in the adult (Asahara et al., Science 1997; Vol.
275: 964-967; Shi et al., Blood 1998; Vol. 92: 362-367).

Angiogenesis, however, occurs during embryogenesis and to a limited extent in the adult,

for example in the female reproductive system, in physiological wound healing and in
30 pathological disease processes such as cancer (Klagsbrun and Moses, Chemistry &
Biology 1999; Vol. 6:217-224).

Angiogenesis is stimulated by various growth factors such as vascular endothelial growth

factor (VEGF) and fibroblast growth factor (FGF). An early response to angiogenesis-



15 progressive covering of the vascular tree (Benjamn et al., Devel opnent
1998; Vol . 125:1591-1598). During this period, regression of uncovered
capi | | ariwe 20mi008®¢ wWhi ch ceases after acquisition of arpempey@sIseRti Ng.
This | ater phase of blood vessel formation, therefore, is characterized by
renmodel | ing steps in which unprotecte@ vessels are pruned and
pericyte-covered vessel s becone stabilized and | ess prone to
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cancer sbeyond 2 mm in dlameter depends on the development of an adequate blood supply.

Many publications described the phenomenon of tumor angiogenesis. The observation that

tumors could be implanted either into an avascular region, such as the cornea, or on a



and they have been detected at elevated levels in the urine and serumof a
significant fraction of tunor-bearing patients (Sinpson-Haidaris and

Rybar czykwoAnnalososef the New 30 York Acadeny of Sci ence®Cz®io10ds4858 936:
406-425). During the | ast decades, an increasing nunber of angi ogenic

i nducers have been identified, but also first evidences of endogenous

angi ogenesi s i nhibitors have been presented. For exanple, researchers
observed that a interferon and platelet factor-4 could inhibit endothelial
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increasing number of angiogenic inducers have been identified, but also first evidences of

endogenous angiogenesis inhibitors have been presented. For example, researchers

observed that a interferon and platelet factor-4 could inhibit endothelial cell chemotaxis



5devel opi ng new anti bodi es inhibiting angi ogenesis activators such as VEGF,
FGF or angi opoi etins. Several antibodi es have been devel oped and tested
wi t h nor eworol1a®s99gr eat success. Avastin, for exanple, aoTAarrélbosygsglesi gned
for inhibiting the vascul ar endothelial growh factor cel ebrated great
success for its inhibiting effects indbreast cancer and col on cancer 10
patients. First studies are published, where angi ogenesis inhibitors are
used in gene therapy of malignant tunors. Besides that, in animal studies
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This revolutionary approach to cancer has evolved into one of the most exciting areas of
25  scientific inquiry today. In the past decades, researchers have isolated the proteins and
unravelled the processes that regulate angiogenesis (Ribatti, Angiogenesis 2008; Vol. 11:
3-10). In theory, each step of the angiogenic cascade is a potential target for cancer
therapy. Numerous specific and unspecific inhibitors of endothelial proliferation and
angiogenesis have been isolated and characterized. The National Cancer Institute (NCI) in
30 the United States of America coordinates 19 potential angiogenesis inhibitors in clinical
trials, whereas five of them are now in clinical phase 3 (NCI, official website of the National
Cancer Institute). Two, quite promising inhibitors, angiostatin and endostatin, inhibit the
proliferation of endothelial cells. The proliferation of pericytes, fibroblasts and tumor cells

itself is not effected. Angiostatin showed 99% tumor inhibition in prostate cancer



The vascul ature within a tunor generally undergoes active angi ogenesi s,
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mat ure vascul ature in that angi ogeni c vascul ature expresses uni que

endot helial cell surface markers, inclsuding the av3 integrin (Brooks et 15
al., Cell 1994, Vol. 79:1157-1164; WO 95/14714) and receptors for
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Runnels et al., M. Imaging 2006, Vol.5: 31-40, applied in vivo imaging in
mce to visualize nol ecul ar expression of typical adhesion nol ecul es of
vascul ar woadotimeBsal cells. Accordingly, Runnels et al. patmprreisinessssl

nmonocl onal anti bodi es against, for exanple, 8 CD31 (PECAM 1), E-selection,
P-sel ection and VCAM 1 and investigatéd the tenporal and spatial expression
of these proteins. However, Runnels et al. did not visualize the tunor
vascul ature, since they did not use tunor nodels and were not interested in
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Accordingly, a3 integrin, angiogenic growth factors such as VEGFs and their receptors
are attractive targets for imaging tumor vasculature. US 6,958,140 suggests ephrin-B2 as
a blood vessel target for imaging, in particular, tumor vasculature. US 6,051, 230 suggests
25 FGF as a target for imaging. EP 627 940 suggests ELAM-1 -1, VCAM-1, ICAM-1, LAM-1
or an MHC Class Il antigen. Citrin et al., Mol Cancer Ther. 2004, Vol. 4: 481-8 suggests
endostatin. Bix et al., J Natl Cancer Inst. 2006, Vol. 98: 1634-1646 suggests endorepellin.
Other authors suggest using a contrast agent for MPI, i.e., gadolinium, (Saban et al., BMC
Cancer 2007, Vol. 7:219-238).
30
Moreover, so far no suitable interplay between imaging techniques, blood vessel markers
and dyes was found that allows a non-invasive in vivo imaging of tumor vasculature or
monitoring the therapeutic efficacy of an anti-angiogenic agent under real-time conditions

in a subject. Accordingly, researchers stay with known techniques for imaging tumor



9 to find a nost appropriate inmaging agent, dye and i maging technique to

vi sual i ze tunor bl ood vessels, thereby imagi ng tunor vascul ature. They
coul d achwewelitdossos ai m and est abli shed and eval uat ed meaem&Eprand/ossshods f or
5 visualization and quantification of tunor angi ogenesi s noninvasively.
Specifically, they have found that, arfong the different imagi ng techniques,
bl ood vessel nmarkers, neans for binding these blood vessel markers and dyes
facilitating the visualization of the binding of the nmeans to these bl ood
vessel t hat . ' [ met hod
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vascul abged,in asulpectt i cul ar the tunor vasculature, is directly visualized so
that no delay in devel oping pictures or the like is required. Accordingly,
any change in the vasculature, in particular tunor vascul ature, may be

di r2e¢t | Mittamand Rester;iNswalasiaed08 AMola dQ-#R%438, @ppliesah wvongonfocal fluorescence

imaging to visualize the uptake and intratumoral distribution of the photosensitizer mono-L-
aspartylchlorin-e6 (NPe6). A photosensitzer is used in photodynamic therapy.
Photodynamic therapy is a third-level treatment for cancer involving three key components:
a photosensitizer, light and tissue oxygen. Accordingly, Mitra and Foster investigated the
25  distribution of the NPe6 photosensitizer and its kinetics. For that purpose they systemically
administered NPe6 through the tail vein to the mouse EMT6 tumor model and visualized
NPe6 with respect to the vasculature by using an Alexa Fluor 647-conjugated anti-mouse
CD31 antibody. However, Mitra and Foster did not use a labelled anti-CD31 antibody to
visualize tumor vasculature. They applied such an antibody to visualize the distribution of

30 the NPe6 photosensitizer.

Runnels et al., Mol. Imaging 2006, Vol.5: 31-40, applied in vivo imaging in mice to visualize
molecular expression of typical adhesion molecules of vascular endothelial cells.

Accordingly, Runnels et al. administered monoclonal antibodies against, for example,



5imaging is that an effect of, for exanple, an anti-angi ogenic agent nmay be
noni tored shortly after the adm nistration of such an agent. The term
"in vivo woegimg3ganor vascul ature” al so includes in viPOT/IRPRGIOOSSS i N
vi vo nonitoring angi ogenesis occurring during tunor devel opnent. It also
includes in vivo 10imaging or in vivo&mnitoring bl ood vessels, in
particul ar tunor bl ood vessels. Specifically, the nmethod applied is based
on a fluorescence | abelled anti-CD31 anti body that has proved to be target
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these blood vessel markers. They also examined various imaging parameters with the aim



A preferred imging systemis the MAESTRO system descri bed herein (see
Figure 5) which allows target specific in vivo live inmaging to exam ne

t umor vaswol2atwmsdsncl udi ng angi ogenesis in a tunor. Be®ruaP2¢10i0s9858t 1S
possible to determ ne target specific signals in just one nouse at the sane
time. The programis able to separate%he two em ssion 25 spectra and
visual i ze both reagents in different colours. Furthernore, the signal
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i magi ng agents, specific for angiogenic targets, have been eval uated for
nmoni toring tunor angi ogenesis in vivo and noni nvasively using in vivo

f 1 uor esdbug ét dowlfiavg, begnekpecibd thahea i3 rantibodragould unspaxificatly pndibes can

be al ' [ i - . | | e ivo in
for ?réelll i ﬁ%&%gélgg}aérs }aﬂlg ﬁ’”ﬂﬁ%%{%@%ﬁéﬁﬁﬁ ﬂ&%&}é@%ﬁ {Boafldgg{% eés'pﬂgiheMgVé'%rt :{r\]/%/t y and
speci f i miveytors surprisiegynelrdesves. thdhppdsitent i fi cati on of 30 endothelial cells
and vascularity of tunors are a prerequisite for subsequent studies. Only
the anti-CD31 nmarker |abels vascul ar endothelial cells specifically with

hi gh si imam;tobalekeglppechhettudi is fgaséde ki gonibor2amor angiagenesisl dpealicalhevidx vi vo
visual | gafid dgwaﬂfo-@écdgglso%nt}@ﬂﬁ VRS RE % BSmBarkbf'dr tMorRRsBliafufd ahd'R able

guantifi cation pr
30  to monitor the ability and/or efficacy of anti-angiogenic agents to inhibit tumor blood vessel

development and/or to exert a catabolic effect on tumor blood vessels.

Accordingly, in a first aspect the present invention relates to a non-invasive method of in

vivo imaging tumor vasculature in a subject comprising detecting a fluorescence labelled



The present invention also contenplates that, in addition to in vivo

i magi ng tunor vascul ature or in vivo nonitoring the therapeutic efficacy of
an anti - amgiogens®eagent in a subject as described hereipol/EPR@o0losa88s | on of
the | abell ed anti-CD31 anti body can be nonitored/imged in a subject by
detecting the | abelled antibody with &y of the inmaging 5techni ques

descri bed herein. This additional aspect provides an overview on the

| ocation of the antibody. For exanple, it can be nonitored as to whet her
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20  in angiogenesis and are importént targets for drug develo%ment. They face more stringent
design criteria than in vitro reagents. The basic underlying difficulty is to design them with
high target to background ratios. For example, there should be minimal non-specific tissue
extravasations, internalization by macrophages, or renal or hepatic elimination but should
yield high local concentrations at the region of interest. For these reasons, mab3-alexa647,
25 anti-CD31-alexa610 and mab7-alexa700 underlying a specific labelling design though,
multiple copies of the alexa labels were used for a single antibody (in a ratio of approx.
1/3). The fourth imaging agent, IntegriSense 680 is a targeted fluorescence imaging agent
comprising a potent, selective non-peptide small molecule integrin a3 antagonist and NIR
fluorochrome. It has been developed for the visualization of integrin o3 expression, a
30 cell-adhesion molecule that contributes to endothelial cell migration by mediating cell-
extracellular-matrix interactions in neovasculature as well as in tumor cells. Imaging results
with Mab3-alexa647 revealed a strong and tumor concentrated signal, however, Nuance
imaging studies indicated that the antibody is associated with tumor cells, but blood

vessels could not be detected (see Figure 16A). Is has been shown that the Mab3-growth-
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anal ysis is"able to separate a thesSe signa rom the speci
appl i edlabelled with alexa700 and injected together with anti-CD31-alexa610 in equal

concentrations to examine the different expression patterns and the sensitivity of the
30 imaging system (see Figure 17). The fluorescence signals could be separated and the
comparison of signal intensities revealed that the CD-31-signal is hundred-fold weaker
than the one for Herceptin-alexa700 (see Figures 17E-F). These results were confirmed

by ex vivo Nuance images as described herein. Herceptin, concentrated on tumor cell
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The MAESTRO imaging system is a planar fluorescence-reflecting-imaging system and
therefore, tissue penetration of near-infrared radiation is limited. The fluorescence signal
15 intensities are depending on their location (depth) in the mouse tissue. Hence, signals of
imaging reagents in organs like liver, spleen, kidney and lung relative to signals in upper
tissue sections like a subcutaneous tumor, can not be exactly quantified. Mab3-alexa647
signal intensities, obtained from in vivo live imaging, in tumor and excretory organs did not
correlate with the signal distribution in ex vivo studies with the Nuance system. While in
20  vivo studies exhibited highest agent concentrations in the tumor, fluorescence examination
of explanted organs revealed higher, or at least similar, concentrations in liver, kidneys and
spleen (see Figure 19). These results are in concordance with the theory that signal

intensity is highly dependent on the tissue depth of the imaging agents.

25 In sum, several imaging agents, specific for angiogenic targets, have been evaluated for
monitoring tumor angiogenesis in vivo and noninvasively using in vivo fluorescence
imaging, preferably near-infrared imaging. Imaging probes can be evaluated in vivo with
the MAESTRO system and, optionally, as ex vivo in formalin fixed paraffin-embedded
tumor sections to test the sensitivity and specificity of these markers. The identification of

30 endothelial cells and vascularity of tumors are a prerequisite for subsequent studies. Only
the anti-CD31 marker labels vascular endothelial cells specifically with high signal-to-
background ratio (see Figure 28). It also allows the ex vivo visualization of single blood

vessels as a starting point for the quantification process.
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The present invention also contemplates that, in addition to in vivo imaging tumor
vasculature or in vivo monitoring the therapeutic efficacy of an anti-angiogenic agent in a
subject as described herein, the location of the labelled anti-CD31 antibody can be
monitored/imaged in a subject by detecting the labelled antibody with any of the imaging
5  techniques described herein.
This additional aspect provides an overview on the location of the antibody. For example, it
can be monitored as to whether the antibody is also in the blood, in particular in the serum,
in the kidneys, bladder, etc. Accordingly, one can also judge on the specificity, half-life,
distribution, etc. of the antibody.
10

In the claimed methods and uses the antibody is administered parenterally, preferably
intravenously to a subject, preferably at different time points during therapy and is imaged
in vivo by a fluorescence imaging system, preferably by a near-infrared fluorescence
imaging system such as a fluorescence reflectance imaging (FRI) system or by a

15  fluorescence-mediated tomography (FMT) system.

An imaging system for NIR fluorescence measurement useful in the practice of this
invention typically includes three basic components: (1) a near infrared light source, (2) a
means for separating or distinguishing fluorescence emissions from light used for

20  fluorochrome excitation, and (3) a detection system.

The light source provides monochromatic (or substantially monochromatic) near infrared
light. The light source can be a suitably filtered white light, i.e., bandpass light from a
broadband source. For example, light from a 150-watt halogen lamp can be passed
25  through a suitable bandpass filter commercially available from Omega Optical (Brattleboro,
VT). In some embodiments, the light source is a laser. See, e.g., Boas, D.A., et al., Proc.
Natl. Acad. Sci. USA 1994, Vol. 91: 4887-4891; Ntziachristos, V., et al., Proc. Natl. Acad.
Sci. USA 2000, Vol. 97: 2767-2772; Alexander, W., J. Clin. Laser Med. Surg. 1991, Vol. 9:
416-418.
30
A high pass filter (700 nm) can be used to separate fluorescence emissions from excitation

light. A suitable high pass filter is commercially available from Omega Optical.
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em ssion intensities. In contrast, the human eye is able to distinguish

bet 30- . T . > @ . s
ol os) "EatarolEGRE R Baon WREeh £3h BB io (o 40 oo Y by sk RRbANEEe O3 2Y
t he en fsMmoTy epepdneat efid edight getetiendntge ecdrimguenaonent. |Altboegtredight The

f [ wi I
ot e Bpaalidh W88 el e Rud ARl SOk BBl AL Rpnc ) 1
pi ct ur ethe ligmt gatherivolimagedoimeigec (rRGB é ey ligteddtegliow/ir6BYe rérdofg t hese

acqu§ rego J)r]f 'n§§§r%é %é aierfeormit lon the systemis able to differentiate
bet ween |rﬂFec ed probes and aut o-fl uorescence of any source. The programis

using a spectral library, where the single spectra of each pure probe and
the Speﬁ%p%uﬁgﬁgiIirg'ﬁgdgt)éction/image recording component, e.g., charge coupled device
(CCD) systems or photographic film, can be used in the invention. The choice of light
detection/image recording will depend on factors including type of light gathering/image
10  forming component being used. Selecting suitable components, assembling them into a

near infrared imaging system, and operating the system is within ordinary skill in the art.

The in vivo imaging techniques applied in the present invention also include the FMT
technology (fluorescence molecular tomography), a laser based three-dimensional imaging
15 system that provides non-invasive, whole body, deep tissue imaging in small animal
models and generates 3D reconstruction of fluorescence sources and/or allows
measurement of fluorescence concentrations of fluorescence labelled structures due to
binding of the fluorescence labelled anti-CD31 antibody applied in the present invention.
The system allows determining the real distribution of imaging probes. Planar, two-
20 dimensional imaging (see Figure 29A) reveals highest antibody concentration within the
tumor region, whereas 3D imaging studies with the FMT system allows improved
assessment of the antibody distribution in the mouse body (see Figures 29B-D and
Figure 31). Therefore, quantification of fluorescence signal intensities can be analyzed in
a more realistic approach.
25
When performing the methods and uses of the invention, it is preferred that the
fluorescence labelled anti-CD31 antibody is to be administered to the subject prior to
detecting the antibody, i.e., the signals from the fluorescence labelled anti-CD31 antibody.
As mentioned above, it is then envisaged that the antibody is to be administered at
30 different time points during therapy and, optionally, after the therapy for the purpose of
control, exclusion of recurrence of another tumor at the same location and/or at a location
different from the first location. Also, the antibody may be administered prior to therapy for

the purpose of visualizing the tumor vasculature before therapy and/or to visualize the
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the Nua@?ﬁér(n)erﬁ,yosetsﬁgb wavelength range and conducted via an optical fiber into the imaging
module. In here, the restricted light is partitioned into four optical fibers that illuminate the
anesthetized test animal. The MAESTRO system chooses the optimal exposure time

30 automatically, so that there is no risk of overexposure. The emitted fluorescence light of
the activated fluorescent probe is selected with an emission filter (see Table 1) and
conducted through a liquid crystal (LC) to a high sensitive, cooled CCD-camera. The liquid

crystal enables the camera a selective picture recording of a specific wavelength. The

wavelength measurement range depends on the selected filter set (blue, green, yellow,



The nul ti spectral

i mgi ng technique with the Nuance canera acquires high

sensitive inmages on paraffin or cryosections and allows quantitative and
sensi ti veworasumssent s of 10 subtle differences in specPCaEPRNOHSISONS.

Nuance has two mai n advant ages.
and it can also act as an excellent cobour canera. Secondly,

fluorescence mcroscopy, in sanples which are auto-fluorescent,

First,

it

in

is able to do brightfield inmaging

| i ke nost

ti ssue sections, Nuance is separating tissue auto-fluorescence fromsignals
f t [ id t | 1]
cyst om [ 388 B Bud bichis 3L B0aT SEREECH] fn. SRESES pllalbiEn

enbodi meteachmpidgleepiciune istoembirted,in nae¢ fodsregratkags shadfis d;ahled| lmaeatcubel As an

exanpl e for tunor expl anation,
expl anted according to conmtted guidelines (GvSol as,

Af t er sdableft:dMasgtro fiker2@tsani nal s,

a SC5’51| p

wi t hout
expl ant
under ¢
hour s.

foll onwe
i ncubat
Infiltr
liquid

final h
t hi ckne
upt aken
de- par a
Slides

i nventi

fl uorescence IabellTed blood vessel

el

tunors are expl anted using,
and transferred into an enbeddi ng cassette or flash frozen in
liquid nitrogen with isopentan for imrunohistochem cal

aninmals are sacrificed and tunors are

Maestent g
ebilteufet s

Pdrb# nRNA/ PCR a|
are enclosed in

hEixcidatiorons.
Eitteenbeddi n

AsmissiaxBiltpt ¢
cassette an

b Acquisitiomt i 0
1 Sglingsé | ncy

OBlLENUOUS
Ther eaft e

M@MS IRLTGRABLUES of
r, formalin is di

A4d tandF0mmmpr
scarded and

éi1ér abl y app
tlomgpass washe

5RD @t e2§ 184
110rhIstapsst .

dGHendehy
on steps

dvi-aM S | L TEF-GREEN |
are carried out

1603 & B8&hmen
using the Ti

e330at i on ofm
dengpasek(r)

pabaftiol 800 Ahl
Vi GhiWatapgm

avélmw Pro
paraffin

adRdSUELTA-t er  pal
WELLOWe Ti ssue

ar5 toeQemeat r

Tek(r) 30 Par

ag4son, tumm
dbfgpasenbeddi

$6a0etoedbedde

nQnratsadpson t

Re®! 0gi ¢
SsS are ob

av-NigIcrlrR-REDaf f |

tained fromthese

B15ecédsoms |
bl ocks usin

70® r ange r
Jowgp¥s§ Ot oM

888 t96d in
210Aheepar e ¢

DBegR88 S
ffinizati

MIMSIes. TRADEER. | §
geend HE- st ai ni 1

2d7 0¥LT05mrght
ng (see Exanp

780 37 C froh
liengbat® and

PBBGDY50 in

Tabhmsstepand 7)) .

BRR exam

on al so p

N@VSLALITR-RR Nuat

¢80 &Y BE(Ehvh

rovides in a pref

erred aspect

8ol N addidm

DAgOLHRe9 H0 §R G

lBngisBod t o

610 tstdpy

areas 1nt

unor

secl| ons.

nrs

Fel asa, TierschG@.
for exanpl e,

appli cations and

n,
bat ed

wat er
t he
din
0 a

ut,

p—

nt

gquantification may be applied as a further step in the nmethods and uses of
the present invention. 5Specifically, tunor sections are prepared as
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10B). The filtered specific signal is then transforned into a binary inage
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gquantification tool allows the percentage of blood vessel area per slide.
| t fundamental colours (red, green, blue) to the wavelength range used for the imaging cube
whereby the black-and-white pictures turn into coloured image (RGB image, see Figure
6B). Out of these acquired multispectral information the system is able to differentiate
between injected probes and auto-fluorescence of any source. The program is using a
spectral library, where the single spectra of each pure probe and the spectra acquired by
20  imaging the study animals (Balbc/nude or Scid Beige mice) without any injection (mouse
auto-fluorescence). By knowing the exact spectra of the pure imaging and of the auto-
fluorescence, the system is able to filter the whole image for the desired spectra and
assign a colour to each of them. The originated image (unmixed composite image) shows
the present spectra in different colours. To visualize the intensity distribution of the probe

25 signal, itis possible to illustrate the signal in false colours, whereas low intensities are blue



is envisaged that this tool can be applied in such a way that the system
should identify and cal cul ate bl ood vessel areas automatically by
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bl ood vessel areas and unspecific signals and cal cul ates the enbedded bl ood

vessel areas. 20 As regards inmunohi stochem stry, an unl abelled anti-CD31
anti body is parenterally injected, preferably intravenously, tunors are
expl anted, preferably at around 24 hours post-injection of the antibody,

flash f oned.
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presence an
decrease of the fluorescence labelled anti-CD31 antibody signal over time. Namely, an

25 increase or decrease of blood vessels can be visualized by the binding (or non-binding) of
the labelled anti-CD31 antibody to CD31, i.e., the less angiogenesis/blood vessels, the
less is the signal provided by the antibody or, likewise, the more blood vessels, the more is
the signal provided by the antibody.

Ex vivo experiments have been applied to confirm the in vivo data. In particular, tumors

30 were explanted, fixed and embedded in paraffin to examine the tumor sections with a

fluorescence microscope.

Accordingly, in a preferred aspect of the present invention the kits, methods and uses

described herein may include a step which includes the confirmation of the in vivo data by



25 | evel of expression of genes involved in angi ogenesis such as VEG-- A,
VEG-- B, VEGF-C, VEG--D, VEGFRL, VEGFR1 and/or Ang2 in a tunor sanple.
Accor di ngvg,20niREv9expr essi on profiling is a preferred emroodipoeoiosessst he
kits, methods and uses of the present invention that may be applied in a
further, i.e., additional step. 30Thel&nti body applied in the nethods and
uses of the present invention is labelled wwth a fluorescence | abel

i ncluding near-infrared fluorescence |abel. Accordingly, when used in the
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fluorescence 15 ar. near-infrared fluorescence | abelle nti-CD31 anti bodies
a6 hppEraanies 3dsi Ptk AR meiCAERER0F Too, 3 EReRD R HRES S B fer en
ant i bodinesntiinnd t o CD31, however, may bind to different epitopes. In the
alternative, the anti-CD31 anti body of the invention may be indirectly
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maxi m zes tissue penetration and mnimzes absorption by physiologically
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out using the Tissue Tek® VIP Vacuum Infiltration Processor.
After paraffin penetration, tumors are embedded in liquid paraffin with the Tissue Tek®
30 Paraffin embedding station to a final histological block. Paraffin sections in a range of
2-8 uym of thickness are obtained from these blocks using a microtome. They are cut,
uptaken on glass slides, air dried over night at 37 °C followed by de-paraffinization and
HE-staining (see Example 4.10 and Tables6 and 7). Slides are examined with the

Nuance system.



used to prepare probes according to this invention. Exenplary N RF | abel s
include the follow ng: Cy5.5 Cy5 and Cy7 (Amersham Arlington H's., IL;

| RD41 andwORDA@@3gkI - COR, 5 Lincoln, NE); N R 1, (Deji na#oy/HRoomoBIsss
Japan); LaJolla Blue (Diatron, Mam, FL); indocyanine green (1CG and its
anal ogs (Licha, K, et al., SPIE-The I%ternational Society for Optical

Engi neering 1996; Vol. 2927: 192-198; US 5,968,479); indotricarbocyani ne
(I'TC WD 98/47538); and chel ated | ant hani de conmpounds and SF64, 5-29, 5-36
and 5-41 (from WD 2006/ 072580). Fluorescent |anthanide netals include
europi um and terbium 10Fl uorescence properties of |anthanides are
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group is used for chemcally coupling of the fluorochrone |abel to
t he anti body. The fluorochrone | abel can be either directly attached to the
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and farm ani na at has mammary
t i ssue. tAAdisarminkte heﬂ\mgadesblmﬂma$seﬂ cukEast endsuuohpmm‘lcnsumé$ andt caieulatablthe , dog,

cat, chb%@@ Ig&&vessyérga{un&n being preferred. A subject also incl udes
human and veteri nar atien A non-manmal i an subject is, for exanple, a

chi2ken, a duck or a zebra 5fish. In preferred aspects of the nethods and

uses of AEnggéﬂageﬁﬂmuﬂghis{&ﬂeﬁ#smﬁcén iuﬁlatb%llgg anti-CD31 antibody is parenterally

injected, preferably intravenously, tumors are explanted, preferably at around 24 hours
post-injection of the antibody, flash frozen in, for example, liquid nitrogen and isopentan
and sectioned. Unlabelled anti-CD31 antibody is identified by using a secondary antibody
25 directed against the Ig subtype of the unlabelled anti-CD31 antibody, for example, goat
anti-mouse IgG. This technique is described in more detail in the appended Examples and

is a preferred embodiment of the kits, methods and uses of the present invention.

As an example for immunohistochemistry, tumor blood vessels are visualized through the
30  whole tumor section, an unlabelled endothelial antibody (anti-mouse-CD31 from mouse,
hamster, rat, etc.) is injected into a subject. For example, in a mouse an unlabelled anti-
mouse-CD31 from hamster is injected in a concentration of 50 pg/mouse. Tumors are
explanted at 24 hours post-injection and sectioned after flash freezing in liquid nitrogen

and isopentan. The unlabelled vessel marker is identified using a secondary antibody (goat



treated with an anti-angi ogeni c agent. Mreover, the present inventors
applied the nethods and uses described herein to nonitor the therapeutic
ef fi cacy wb 2antiGo3@agi ogeni ¢ agents towards tunor vascul aCumP20100528688 ng
10angi ogenesis in a subject and found that it is also appropriate for this
purpose. In particular, the nmethods ad@ uses of the invention allowthe
conparison and quantification of in vivo signals and thus, the effects of
anti - angi ogeni ¢ agents can be reveal ed and conpared by the increase or

decr eas I i r, fime 15
Vor o pact R ey [CHIERRE BhG BREL GeRee Pibe g, AR SeA0A AR e
f | uor esveienazatiorgofdhsg wholedumabgaestion.duri ng and/ or after treatnment with an
anti -angi ogeni ¢ agent is determ ned and conpared to anti-CD31 anti body
fluorescence signals before treatnment with an antiangi ogenic agent. This
conpar i Sonlnahlrmkésteanemisiyeapplicdtioes.ttheoepwatiiesh &brecimnoddiathly adtet excision
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confi rnﬁntnbyohis'stsd;hﬂnuigfr}caﬂplia@imnl cations such as tissue staining,

i mmunochem stry or inmunohi stochem stry as descri bed herein and may thus be
performed as an additional step of the nethods and 30uses of the present

i nvéht i dhe ilinueestaininggirgcesiurg andthgi slighhscanhare siesofiteal inetailzt ahepending

i nf ormat] plggy be confirnmed by nRNA expression profiling so as to reveal
the effects of an anti-angi ogeni c agent and may thus be performed as an
additional step of the methods and uses of the present invention. 24

With respect to mRNA expression profiling, tumors are explanted and flash frozen in, for
example, liquid nitrogen (without isopentan). Tumors are lysed, homogenised and RNA is
15  prepared according to methods commonly known in the art and also shown in the
appended Examples. Afterwards, cDNA is prepared and analysed qualitatively and/or
quantitatively for the expression of an angiogenic growth factor such as FGF, VEGF-A,
VEGF-B, VEGF-C, VEGF-D, their receptors such as VEGFR1 or VEGFR2 and/or
Angiopoietin. As a loading control in a quantitative expression analysis a typical

20  housekeeping gene such as -actin or GAPDH can be used.

A preferred embodiment of mMRNA expression profiling is described in more detail in the
appended Examples. It can be used to monitor the effects of a therapeutic anti-angiogenic
agent such as those described herein by, for example, determining the presence and/or
25 level of expression of genes involved in angiogenesis such as VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGFR1, VEGFR1 and/or Ang2 in a tumor sample. Accordingly, mRNA
expression profiling is a preferred embodiment of the kits, methods and uses of the

present invention that may be applied in a further, i.e., additional step.

30 The antibody applied in the methods and uses of the present invention is labelled with a
fluorescence label including near-infrared fluorescence label. Accordingly, when used in
the context of the kits, methods and uses of the invention, the term “fluorescence” includes
fluorescence labels commonly known in the art or as described herein and also includes

near-infrared fluorescence labels, the latter being preferred in the context of the present



In essence, the nethods and uses of the present invention are suitable to
noni t or angi ogenesi s during tunor devel opnent, preferably with high

si gnal -t owbaokigsesad ratio. It thus allows the conpari seaT@EP2410/089858

vascul ature and is able to reveal the different ability or 5efficiency of
anti-angi ogeni c therapeutic agents to2lnhibit tunor bl ood vessel

devel opnent and/or to catabolise tunor bl ood vessels. The term "anti body"
as used herein refers to an imunoglobulin or fragment thereof, and
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15 another standard is the AbMdefinition used by Oxford Ml ecul ar's AbM
anti body nodelling software. See, generally, e.g., Protein Sequence and

St ruct ur evonaly®s®eof Anti body Variabl e Domains. |n: AntchaigoilBogisseeri ng
Lab Manual (Ed.: Duebel, S. and Kontermann, R, Springer-Verl ag,

Hei del berg). Enbodi nents descri bed wi 2h respect to Kabat CDRs can
alternatively be inplenented using simlar described relationships with
respect to Chothia 20hypervariable | oops or to the AbM defined | oops. A Fab
fragnent (Fragnment antigen-binding) consists of VHCRI and VL-CL donai ns
covalently linked by a disulfide bond between the constant regions. The Fv
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vari able region (VL) and an anti body heavy chain variable region (VH;
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al ., Scj | . 242: 423-426; and Huston et al., Proc. Natl. Acad.
Sci . USE%%@@%?%?@X@S: 5879-5883). These anti body 20fragnents are obtained

usi ng cénpentizterraliplingathemigiess krdwawn drormhibsabaie hiteskiitériature (Adi@masupra)and t he
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i m’runogh%lpéﬂ, |isr'a F&%H@@ﬁ%ﬁp@%\éﬁbdt& bl%%p which is used for chemically coupling of the
fluorochrome label to the antibody. The fluorochrome label can be either directly attached
to the antibody or connected to the antibody via a spacer to form a NIR fluorescence label
30  conjugate comprising the antibody and a NIR fluorescence label. The spacer used may be

chosen or designed so as to have a suitably long in vivo persistence (half-life) inherently.

A subject when used herein includes mammalian and non-mammalian subjects. “Mammal”

for purposes of treatment refers to any animal classified as a mammal, including human,



25 art, including, for exanple, those described by Kabat et al. (See Kabat,
et al., Sequences of Proteins of |Imunological Interest, Fifth Edition,

U. S. DepaworentoosdosHeal t h and Hurman Services, 1991 N H PablEre@biosyss$No. 91:
3242). The human anti bodi es applied in the nethods and uses of the
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30 spliced forns of these receptors. Fc receptors are reviewed in Ravetch
and Kinet, Annu. Rev. Imunol 1991, Vol. 9: 457-92; Capel et al.,
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30 The sequence of antibody genes after assembly and somatic mutation is highly varied, and
these varied genes are estimated to encode 10" different antibody molecules

(Immunoglobulin Genes, 2nd ed., eds. Jonio et al., Academic Press 1995, San Diego, CA).
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The term "human antibody" includes antibodies having variable and constant regions
corresponding substantially to human germline immunoglobulin sequences known in the
25 art, including, for example, those described by Kabat et al. (See Kabat, et al., Sequences
of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Human
Services, 1991 NIH Publication No. 91: 3242). The human antibodies applied in the
methods and uses of the invention may include amino acid residues not encoded by
human germline immunoglobulin sequences (e.g., mutations introduced by random or site-
30  specific mutagenesis in vitro or by somatic mutation in vivo), for example in the CDRs, and
in particular, CDR3. The human antibody can have at least one, two, three, four, five, or
more positions replaced with an amino acid residue that is not encoded by the human

germline immunoglobulin sequence.



CD31 plays a key role in renoving aged neutrophils fromthe body.
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20  non-human animal, e.g., a rodent, e.g., a mouse, hamster, or rat. In one embodiment, the

non-human animal includes at least a part of a human immunoglobulin gene. For example,
it is possible to engineer mouse strains deficient in mouse antibody production with large
fragments of the human lg loci. Using the hybridoma technology, antigen-specific
monoclonal antibodies derived from the genes with the desired specificity may be

25 produced and selected. See, e.g., XENOMOUSE™, Green et al., Nature Genetics 1994,
Vol. 7: 13-21, US 2003-0070185, WO 96/34096, published October 31, 1996, and PCT
Application No. PCT/US96/05928, filed April 29, 1996.

In another embodiment, a monoclonal antibody is obtained from a non-human animal, and
30 then modified, e.g., humanized, deimmunized, chimeric, may be produced using
recombinant DNA techniques known in the art. A variety of approaches for making
chimeric antibodies have been described. See e.g., Morrison era/., Proc. Natl. Acad. Sci.
U.S.A. 81:6851, 1985; Takeda et al., Nature 1985, Vol. 314: 452, Cabilly et al., U.S. Patent
No. 4,816,567; Boss et al., U.S. Patent No. 4,816,397; Tanaguchi et al., European Patent



O her CD31 proteins of the present invention are fragnents of CD31 that
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in the nethods and 5uses of the invention is used to create i mages of the
tunmor vascul ature of a subject. The imaging is done in the context of the
pr esent Humaeized @ntibodies, orvisagmerits there damesi geyierated dy seplacihg safuericag oa
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subj ect. "Acco s and’ uses of resent” 1 nventi on which
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i 10, OFRSEbs Shybdbp b AREerh DU o, IGO0 oot Nfeslions (507
ant i bod¥29:H&02i120debeOi ebdle BtuyT@hqusas 1988,&/0l. 4: 214; and by US 5,585,089; US
5,693,761; US 5,693,762; US 5,859,205; and US 6,407,213. Those methods include
isolating, manipulating, and expressing the nucleic acid sequences that encode all or part
of immunoglobulin Fv variable domains from at least one of a heavy or light chain. Such
20  nucleic acids may be obtained from a hybridoma producing an antibody against a
predetermined target, as described above, as well as from other sources. The recombinant
DNA encoding the humanized antibody molecule can then be cloned into an appropriate

expression vector.

25 A humanized antibody can be optimized by the introduction of conservative substitutions,
consensus sequence substitutions, germline substitutions and/or backmutations. Such
altered immunoglobulin molecules can be made by any of several techniques known in the
art, (e.g., Teng et al., Proc. Natl. Acad. Sci. U.S.A. 1983, Vol. 80: 7308-7312; Kozbor et al,
Immunology Today 1983, Vol. 4: 7279; Olsson et al., Meth. Enzymol. 1982, Vol. 92: 3-16),

30 and may be made according to the teachings of PCT Publication WO 92/06193 or EP 0
239 400).

An antibody or fragment thereof may also be modified by specific deletion of human T cell

epitopes or "deimmunization" by the methods disclosed in WO 98/52976 and



I magi ng or scanni ng technol ogy known in the art, with near infra-red
fluorescent imagi ng 15being preferred. The nethods and uses of the

i nvent i orwanre1moegdsnvasi ve. "Non-invasive" means that nechmprakoiossshie skin
of a subject is created, for exanple, an incision, and there is no contact
wi th the nucosa, or skin break, or inR®rnal body cavity beyond a natural or
artificial body 20orifice. For exanple, inmaging through the ear-drum or

i nside the nose or a wound dressing change all fall outside the definition
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peri vascul ar vessel difation, andirr shape.
16(5): 237-242; Chothla D. et al., J. Mol. B|oI 1992, Vol. 227: 799 817; and Tomlinson et
15 al., EMBO J. 1995, Vol. 14: 4628-4638. The V BASE directory provides a comprehensive
directory of human immunoglobulin variable region sequences (compiled by Tomlinson,
LA. Et al. MRC Centre for Protein Engineering, Cambridge, UK). These sequences can be
used as a source of human sequence, e.g., for framework regions and CDRs. Consensus
human framework regions can also be used, e.g., as described in U.S. Patent No.

20 6,300,064.

Likewise, an antibody applied in the kits, methods and uses of the invention can contain an
altered immunoglobulin constant or Fc region. For example, an antibody produced in
accordance with the teachings herein may bind more strongly or with more specificity to

25  effector molecules such as complement and/or Fc receptors, which can control several
immune functions of the antibody such as effector cell activity, lysis, complement-mediated
activity, antibody clearance, and antibody half-life. Typical Fc receptors that bind to an Fc
region of an antibody (e.g., an IgG antibody) include, but are not limited to, receptors of the
FcyRI, FeyRIl, and FeyRIIl and FcRn subclasses, including allelic variants and alternatively

30 spliced forms of these receptors. Fc receptors are reviewed in Ravetch and Kinet, Annu.
Rev. Immunol 1991, Vol. 9: 457-92; Capel et al., Immunomethods 1994, Vol. 4: 25-34 and
de Haas et al., J. Lab. Clin. Med. 1995, Vol. 126: 330-41).



It is believed that tunor bl ood vessels are not snooth |ike normal tissues
and are not ordered sufficiently to give oxygen to all of the tissues.
Endot hel iwb 2priemsevsor cells are organi zed from bone mar POWEPMIIOORYSES € t hen
integrated into the growi ng bl ood vessels. Then the endothelial cells
differentiate and mgrate into perivastul ar space, to formtunour 15 cells.
Vascul ar endothelial growth factor (VEGF) plays a crucial role in the
formati on of bl ood vessels that lead to tumor grow h, which allows the
vessel [ | g in b esy raLnal y...t he
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which proliferate into de novo endothelial cells. This 5formparticularly
rel ates t r I AR , :
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gration by lating c extracellTular-matri X 1 nteractions. e of the
maj or mbitigatoo hingesacting régitrepplypepdes, which exctept isrfused or otherwise connected to
a region comprising one or more native or engineered constant regions from an
immunoglobulin heavy chain, other than CH1, for example, the CH2 and CH3 regions of
25 1gG and IgA; or the CH3 and CH4 regions of IgE (see e.g., U.S. 2005/0136049 by
Ledbetter, J. et al., which is incorporated by reference, for a more complete description).
The binding domain immunoglobulin fusion protein can further include a region that
includes a native or engineered immunoglobulin heavy chain CH2 constant region
polypeptide (or CH3 in the case of a construct derived in whole or in part from IgE) that is
30 fused or otherwise connected to the hinge region polypeptide and a native or engineered
immunoglobulin heavy chain CH3 constant region polypeptide (or CH4 in the case of a
construct derived in whole or in part from IgE) that is fused or otherwise connected to the
CH2 constant region polypeptide (or CH3 in the case of a construct derived in whole or in

part from IgE).



20 for proteins such as fibronectin. Antagonists of integrin av3 inhibit
the gromh of new bl ood vessels, suggesting that cell adhesion is a
critical woepiivo3@ngi ogenesi s (Brooks et al., Cell 1994pCYm@P2016059858
1157-1164). Following mgration and proliferation, endothelial cells
assenble into tubes with a patent lungh. An inportant step in producing a
mat ure bl ood vessel is the recruitnment of nesenchymal cells and their
subsequent differentiation into 25 snooth muscle cell-like pericytes that
are thought to stabilize the newly form ng vascul ature. These pericytes are
gradually attracted by an endothelial plexus |eading to progressive
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e
vessel s, i n particul ar vessel s and/ or vascul atur'e, cul ar
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It al soj i se or decrease of blood vessels of the
vascul aPte?%%H'g?%Pg@L?’%ﬁﬁ%Fg 5 vascul ature, can be visualized by the
signals fromthe fluorescence |abelled anti-CD31 anti body signal over tine
due to | -adl ng. (.Qr A= hilnding). .t 0« f | at ur e
due, 0, Wl A0 AR8y sl Dot R AR SR U8 AS 1eBe agp) oLt
ant i bodgliary dankeningdhe tdastiom pésaitl eotibadyswith 8 CRIHepnotrire with thdeeastigmaf
pr oyi ded._. : i | i ncl udes that angi ogenesis, preferably
ang?%gegaelgi)éghgﬁj 3’%“ (tgﬁfrgotpe'{j@er\cl)%llrg%frent is 30 nonitored and/or that the
therapeutic efficacy of an anti-angi ogenic effect on tunor vascul ature
and/ or i {5 1.S, kS ni t.or f. i : sl ze of
2" Umor PSRUITAGNE et P hitBloRy ppbleg i e st Riehddl b Uegs LIAL iefuSH
preferably exerts a specific binding or specifically binds to CD31. The terms "specific

binding" or "specifically binds" when used in the context of the anti-CD31 antibody applied
30 in the kits, methods and uses of the invention refers to two molecules, i.e., CD31
expressed on a cell, preferably an endothelial cell involved in tumor vessel development in
angiogenesis and an antibody binding to CD31, forming a complex that is relatively stable
under physiologic conditions. Specific binding is characterized by a high affinity and a low

to moderate capacity as distinguished from nonspecific binding which usually has a low



38 As used herein, "therapeutic efficacy” of an anti-angi ogeni c agent
refers to the degree of efficacy of an anti-angi ogeni c agent upon single or
mul ti pl e woxetl1ameaoni stration to a subject (such as a humram/EratiesIsFs at
reduci ng or preventing angi ogenesis, preferably angi ogenesis in tunor

devel opnment. Reducing or preventing aB®i ogenesis in tunor 5devel opnent is a
nmeasure in tunor treatnent. The therapeutic effect which an anti-angi ogenic
agent may be detected by all established methods and approaches which w ||
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may be ggt%ed/j udged on the basis of TTP and/or the RR 25The term

"treatnent” refers to a therapeutic or preventative neasure. The treatnment

may be adm nistered to a subject having a tunor such as a solid tunor or
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subj ect spedidseippsingd®@Iancer. 39 I n sone enbodi nents the subj ect has a

solid tunor. A solid tunor is an abnornmal mass of tissue that usually does

not contain cysts or liquid areas. Solid tunors nmay be benign (not cancer),

or Ml i Yeaally, COIMieglycosylated toxberpkient thatariprakimatay 33% oeitsmoecalat weight
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membrane glycoproteins.

In the context of the present invention, it has been found that CD31 is a particular useful
marker for visualizing, i.e. in vivo imaging tumor vasculature and/or monitoring the
30 therapeutic efficacy of an anti-angiogenic agent in a subject, since CD31 is a marker

expressed during angiogenesis, particularly during angiogenesis as described herein.

The term “CD31” when used herein includes all forms (wild-type, splice variants,

fragments, derivatives, analogs, proteins having an amino acid sequence which is at least



head and neck cancer. For the purpose of the present invention, a solid
tunor has a size of at least 1 mm preferably 2 mm At this size, a solid
tunmor i n woaeri/tawdpr ol i ferate and to survive depends 15PpomERRoiademeat e
supply of gromh factors and the renoval of toxic nolecules as well as on a
sufficient oxygen supply. In solid ti33ues, oxygen, for exanple, can
diffuse radially fromcapillaries for only about 150 to 200 pm and, thus,
the tunor depends on the supply of oxygen by bl ood vessels and, thus,
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agent may reduce the size of a tunor. Accordingly, when the nethods and
uses of the present invention are applied for in vivo imaging tunor
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exanple, a tunor may have a large size after, for exarrpl e, having been
treated [ I hat
oot SO Pkl ARERA Ry ASE 300 Bl G e PIEL RS
successhdigsiai-proedting activity. Likevies withiwi thg mesént lhwrg@n Wweulti(bensyritbetier
active | i S d e
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t he2@ unmetainsinsactivity dharasieristic ohCD21 bedegeribed belewi n ang| ogenesi s. However,
thanks to the present invention, the nmethods and uses descri bed herein do
not only allow nonitoring and/ or neasuring the size of a tunor, they also
al | ow t @Whether@rpolypeptide is a CD31 protein of the invention can be routinely determined by

means of an assay for a CD31 activity. Two such activities are the mediation, respectively,
of adhesion-dependent movement of cells in response to a chemical attractant
25 (chemotaxis) and of endothelial cell-cell adhesion. The former activity can be assayed,
following Ohto, et al., Blood 1985, Vol. 66: 873-881, by determining whether an antibody
that binds the synthetic polypeptide in question also inhibits chemotaxis of neutrophils or
monocytes responding to a suitable stimulant, such as E. coli endotoxin. The ability to
mediate adhesion between endothelial cells can be similarly assayed in routine fashion,
30 i.e., by testing whether a polypeptide-recognizing antibody inhibits the anchoring of
dispersed endothelial cells to a suitable substrate and/or the formation thereafter of

intercellular junctions.



15 and/or nonitor the angiogenic activity of the tunor. Thus, it allows

maki ng a correl ati on between tunor size and angi ogenic activity.

Speci f i cavbypitdesssh| uor escence | abel l ed anti CD31 anti boaygTiEP2&iabisss enough

so that tunors can be explanted and/or biopsies can be taken which may then

be analysed in vitro, for exanple, as34lescribed herein above. Mre

specifically, one can determ ne the signal of the anti-CD31 anti body and,
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30 These blood vessels then constitute the vasculature. Accordingly, when used herein the

term “vasculature” encompasses the process of angiogenesis and thus the formation of

blood vessels, for example, tumor blood vessels.



The proliferation assay uses cultured capillary endothelial cells and
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“Angiogenesis” is the formation of thin-walled endothelium-lined structures with/without
muscular smooth muscle wall and pericytes (fibrocytes).

30
When used herein said term also refers to physiological processes involving the growth of
new blood vessels from pre-existing vessels. In the context of the present invention by the

term “angiogenesis” preferably angiogenesis during tumor development is meant.



conpound, i.e. a (potential) anti-angiogenic agent. Accordingly, the

subj ect having the solid tunor xenograft, preferably a solid tunor from
human, i swe anowmobassan manmmal , preferably a rodent such asT&pre@blbsdsss rat and
nouse, Wi th nouse being preferred, or a chinpanzee. The anti-CD31 anti body
applied in this aspect is an anti-CD336anti body 10 directed agai nst nouse
CD31 whi ch does not essentially bind another protein such as human CD31.
Most preferably, this antibody can be obtained fromAcris Antibodies, 32052

Herford r . 0 t

ant i -mﬁgé‘@r%@/%@ : de&%\?tg&%ﬂel qgtﬂ\é?psroa %?ng'orglg[;e%s’iabn %[)g% etﬁ & al .
Am J. Pambaimm@@aﬂoghbsmrmﬁkwaden@ﬁmp&Bogen et al., J. Exp. Nbd 1994,

Vol . 4 I Vol . 88:
0L o ORGS0 AR S Bhan Bt AFPUACTRER) o8B0 relly 08
cell i nenaicbtaellabateof celasl (aBglolella$ts) wihtich priotiferate intords noyvemidethetial delis tThas

uni for S| r J surenent, the
aver%gghgﬁﬁgﬁﬁvgf%ﬁégﬁggghe J&c£§%§&¥dﬁ J#ﬁ% 8aé§§@g§?see Figure 11).
Cells first need to arrange themsel ves, in a coordinated fashi on manner to
establis r t unors
reached A;F]&aég#%s‘#s %”[H% 1"rorr'f%t O&rrééq% ﬁ%}épsf%gl t}kpc?je\?éysggl‘%@%frsﬁ%sgﬁ\gﬁtte ?{'Iba:rﬂe?jsé tinme
poi nt anusapagmH@ron1the first neasurenent, tunors exhi bited an exponenti al
growh with a tunor growh rate of about 40-50 mB per week. At day 7,
tunmors showed no obvi ous vascul arization. They did 25 not reveal the

t ypi€al Aogiogenesis isuaom@miahgresss rig grbwth fich ctevelnpinent, esdwsligsl in ivadndot
been es Vi V. und
the 1 unbears SiipofRiloty SRR VAo RS BRGS0 o BR8P
subcut ageoutl facteroCF @F ¢ @ niduitenebleahtgrowl fagtorafF@ppr éx. earlymmespehseote

ar ound 1.S: e

capllla%ﬁggé#EE sﬁornegﬁgfagﬁggsﬁg?&%ﬁﬁﬁﬁ¥ﬁ%<%tﬂ%ﬁﬁ@%ﬁﬂ%%ﬂg@C@ééewgntA day
30 21, teebraseby proteasgesyemes meaxtessh diitieinmatox metajloprateisases(MMBRfaRiyur e
12) 151 MRG | .t [ h r : e - ots
dennnstraﬁg%(%ﬁgﬂbagge@gﬁ %ﬁgﬁm%% ?ne¥§@mﬁbﬁggv?%§g%§ﬁ%ﬁ% gﬂgﬁﬁﬁﬁﬁgof
vessel sbasanerd nzardbriane datriee, allowsrenﬁothsuw celiet mignaiedrofrBpre-eistog wdysaday 35,

the ”“”Yb%& & aﬁ ém{’Ltﬂ%u iR r8m‘teFAD§ ﬁ\ﬁ%r%ﬂ S Og@ftks?o%é@%[ﬁg{ ﬁé’(ﬁﬁ]‘ée@q 49

reddi sh €6l of

t unors. memilwbwmmwcubeabumwteﬁo enilotgelzah cell higrative t}yhnsthmgam system
fol | owe f

ol do sEshaeelME R BUMLARIORY Rl TR RERIRMRTL R S REdAE S SARPIBL, o1
wi t B0 n fdierathiob euchuasfibro@ectiosAntdgsenists Oﬂmyeg‘run adlenohibit thet grdwiroel nesulgleod | ssue
LS | eOURAIRL Eoddlhly W L MRRINTOL S 81l Hdhodéndls Podlidiaf, by O
cells were Uan S Cancer tissu onnec I'ng first ood
vessel s1984t N@I tlﬁm‘r B57-The4 )bl Feddwings segrations tanidoprolitematpern. tesvdothudlial hells

bl I
et ol sEhUUTRG UMY 2kallAY flen AEVFELAG ARG tliitnd
t he t unwessetlgebe ib@ngasnt tfenesanehypar cellsfandiibeir anbﬂeqmaet qbﬁermaaw nta h

smabi a g 0 [

f|r%% 3§H8§m593 @uﬁgfh%43£ 8% ”ﬁ%fgﬁ%a SgihoRHE%%%z%c m@é Pt e gene
expr essVmumtuwn@hmmmy@ﬁmmramlIaraétrao&@d daypn 'BndQﬂnellaIJplem laadin@ 8
respect e f t\y,Qn as
D e e g e A L e BT e o CINe
VEGF ( hti2®n$91-&538)bPueang this pnapdxrregp&asc':cm vhuncovesed eapllaris dacussgvhogieni ¢
devel op e i i fef

oy deoaTes shenac gt e or 4 BENGRE SRR, bihedl opeiosShiIbFatRh 152 1)
wer 80 hi meeefomhmhanatttamzed tphr@gwe&n@ st@apprl@wldjmrmrrots@ibd o/esseds agnprugeq 365

bp) was Lgihre, The
evel o PO REioPieBRel LEE Belomb WTRbiCEY ShE RIS Hrohe REaCeiicartin ond 12,
35, whereagngssWpGRlateteldsasiyved emltlsfammféPﬁ@tF) oMaglede(imfrcﬁh goreadathelial salh 2
(mouse) s¥@se CRITANE! Sir hf;xt%gst‘éngé’so(:‘éf’et gwtﬂoénd%'ﬂ%‘ﬂ’é‘l) cdlfs fo”ﬁB@aQ?rt&l@éoe vé&%T PCR
condi ti on were used. resence of ‘angiogenrc grow actors are
rationale for the appllcatlon of anti-angiogenic therapies with
target-specific therapeutic antibodi es. | nmunohi stochem cal eval uation
usi ng an al kal i ne phosphat ase system foll owed by the visualization of nouse
endot helial CD31+ cells using a slide scanner, allowed a better



25 visualization of blood vessel distribution within the whole tunor.
Cryoslides at day 7, denonstrated how nouse tissue is incorporated into the
human t umwo0(1®e99ki gure 14 A). Mirine stroma cel |l s wer eCrEPe@bI0s$s$ Nt 0 t he
human cancer tissue connecting first blood vessels to the tunors. The bl ood
vessel distribution pattern of the es8ablished human tunors at day 21,
reveal ed an accunul ati on of bl ood vessels at the tunor outlines (see
30Figure 14 B). Mpjor arteries gathered at the tunor edges whereas the
i nner p - r ries.
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79. ar -
antlbody S|gnal over time due to its binding (or non-binding) to CD31 on the surface of a

vasculature cell, i.e., the less blood vessels, the less is the signal provided by the antibody
or, likewise, the more blood vessels, the more is the signal provided by the antibody. It
also includes that angiogenesis, preferably angiogenesis during tumor development is
30  monitored and/or that the therapeutic efficacy of an anti-angiogenic effect on tumor
vasculature and/or angiogenesis is monitored. It furthermore includes that the size of a

tumor and/or tumor blood vessels is monitored and/or measure.
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fromday 35 to day 79, whereas the conbined treatment with mab 2 + 3 and
mab 4 e decr. r S

quant 1 ad s T aff AR Re Bhic iR KA i Blddefic alHPlerd £ BEGUREE o

wer e evaffluactyedf |an aMEmmgejmcvageer(moslaglesmrgmaltque éas;msdmmnstiaﬂiet) AoThe

f 79
vere ol S0a]RRE s AR AReRy ATRUAEG B r8ehln @ dtoldBie fiderly
t unor vasgiagertesiseirf rtlammrdaszveﬁpmenmgied%blng eorCpgventing rangiogedsss s awchiot y
acce% er%&zcﬂ?drﬁe oy%e% r%cm Jn?c!rt ngnd group 3 (mab 2), tunor vasculature

signifi cant reaseq gr oup 6 (see Figure 24). 15l nmedi ately
after the Iast in vivo |mag| ng studl es, tunors were explanted (day 79),

fixed i - g t
Fl uor esi‘a%Eiér?éécuﬁs%%cﬁmﬁ?gﬁ%n*'{%ﬂ@?éﬁﬁéﬁ?fﬁt‘*ﬁ@?? Rl Y sbiisneg | o
treat edmﬂtm\dscam apbrombes e giill indinate lal tbedapﬁe@iself@cwdt &, dyserareplei n m ce

treatedg &e’@etﬁ lfzthe ltrgb %;? f¥ect & BR %ﬁBP&r&cgﬂgs&t@ﬁ%r‘B%‘éﬁg% ly

fewer an I ne d VessRI%s
t r e neno affeciapdissurtegamn M&*@I ie gubsmgeenthy mabylzeslsm'l Wateqtsmnyunmmmhbmmaés wer e

general @g@%ﬁk&ﬁé r?zBfé r}r_‘h ftinbldg fcdr t%ghff}{]]@e lflaé{rn%ﬁ\mhg e d}ﬁ‘;ﬁ%ﬁe{‘c‘fa e%?r%ujrem@ﬁl

fluores e Si em cal nin howe
necroti of theghmeelﬁtmefﬂmpﬁcu/@f Qﬁ%ﬂtlmnglmgemp@@tznbntls gisoepvisaged tabths. tuMhose

< opi £
the. ot naPTATRln AERGRSh B WE B Sh AR cro ) orf el i o G YR A O e e
di st r| bmeetbeta@nutlmamrsagh isi alteadp effectivearomot. o%idlts)n(aﬂseer #igoatevedsi) is @bood

Vesf 8&%{; Yo Vauﬁ’agé éhe?&lcagdp%ﬁan‘é@%f %%tr%%&lgéﬂg /Opg?{erﬁl(@HéésOWeYr’fblanpger -

Cril vVes I'ONs were Icantl
t he cont:lecﬂease ehtumeertmgdietgul ailmaentiaic.) migr wilipdse risiahedkiliedhpratidompetr i c
anti bod e t
aroup, _para RaRLr §¥ByienPllc B8R, BRE e HRRE TieCidl Py FPRoR | BB,
treated numtemusemhdr VeeewRichurid epéble h|m7ordm‘ tpobpatved therapeRNG effietl &ot i on.
Det ect VEGF
Chumany Consth B shaUyesh 67 ot Bl BEaRRRE ty adSBsfTRy ot
al t 20 natd dlae@hedpmgrtesappéﬁTP) arfeior] dateiminihg VEG‘esphweana)e (=ts). Spaphcadipl @i n al |

t her ape . (U | s (see
Fi gure. Sy SndRguRee e oY ciRe 1 afaRe o, IR BRh Pimna B iihe WALGF
i nappr ophisattlke RerdpERtic offi daayi dmnvesti@ngogdnic agent may be measured/judged on the

basis of TTP and/or the RR.

25 The term "treatment” refers to a therapeutic or preventative measure. The treatment may
be administered to a subject having a tumor such as a solid tumor or who ultimately may
develop a tumor, in order to prevent, reduce and/or cure tumor development or in order to
prolong the survival of a subject beyond that expected in the absence of such treatment.
For the purpose of the present invention a subject having a tumor suffers from cancer.

30  Accordingly, the methods and uses of the invention are applied to a subject suffering from

cancer.



Al'l treatnment groups reveal tunor inhibitions up to 50%relative to the
control group. However, statistically significant tunor inhibitionis only
observed wo 20rig@Beyent group with 10 Tunor vol unes for grouEPe®io/0R98a1d gr oup
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The above presented results denonstrate that a rodent, preferably a nouse
xenograft tunor nodel, is suitable for determning as to whether an agent
may have WO 2anti039980angi ogeni ¢ ef f ect whi ch can be vi suacirapdoiopsiske
fluorescence | abelled anti-CD31 anti body described herein. 49 nouse,
having a solid tunor, preferably a so#f0d tunor froma human, adm ni stering
to the animal an agent having a potential anti-angiogenic effect, and
nonitoring a potential antiangi ogenic effect in the aninal by detecting a
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In particular, an increase or decrease of blood vessels supplying the tunor
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CD31 antibody is stable enough so that tumors can be explanted and/or biopsies can be
taken which may then be analysed in vitro, for example, as described herein above. More
specifically, one can determine the signal of the anti-CD31 antibody and, thus, could
20  conclude as to whether the treatment the tumor was successful, albeit the tumor is still

large in size and vice versa.

The term “cancer” refers to or describes the physiological condition in a subject that is
25  typically characterized by unregulated cell growth. Examples of cancer or tumors include,
but are not limited to, carcinoma, lymphoma, blastoma (including medulloblastoma and
retinoblastoma), sarcoma (including liposarcoma and synovial cell sarcoma),
neuroendocrine tumors (including carcinoid tumors, gastrinoma, and islet cell cancer),
mesothelioma, schwannoma (including acoustic neuroma), meningioma, adenocarcinoma,
30 melanoma, and leukemia or lymphoid malignancies. More particular examples of such
cancers include squamous cell cancer (e.g. epithelial squamous cell cancer), lung cancer
including small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung
and squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer,

gastric or stomach cancer including gastrointestinal cancer, pancreatic cancer,



The Figures show Figure 1: Processes in angiogenesis (a) Angiogenesis
gromh factors bind to their receptors on endothelial cells and activate 5
si gnal trwoducsws pat hways. (b) Matrix netal |l oprot ei nase/EP2qIMURISsy ar e
activated and degrade the extracellular matrix enabling endothelial cells
to mgrate out of the pre-existing caplllary wall and to proliferate. (c)

| ntegrin avl33 is expressed by endothelial cells facilitating their
adhesion to the extracellular matrix and their mgration. (d)

Angi opol gt i N Angl) _ bj t ] e r | i cel Lt is
thought oA Btbal Gy SaleTERERARE clRel Mlap lfber Fibftont
recruit beast aacceressloh snced, webtahdnedraloplorectdl i eamcer, egndenatriahedri aterinel | s
rel ease - BB, j i at t t for i r These
ol | o et Besatiy Qb BaRHBE RS S koreD R P B bR Vil

peri cyt eanceFi thyro@ RandBal epadic apardnes i anal oarcinoeaa mgniby eaictogw, tiedticdiBmhe

nor ngl | Xar?dék%%%%&cgea‘éﬁéa%%ﬁtrt%iﬁrggﬁ%ebo‘?lia lrhMet el Qs ﬁ@{og%ﬁd | neeR caRRL | ari es,

a nor phogeni’cp ss con y an angi bgenrc swi ani Sm Changes
in the relative bal ance of inducers and inhibitors of angi ogenesis can

activateg_t swi Leh, Figur. : I i I OAt
day 34 ?‘ﬁe&ggl')I{gr%)'gbmeatelgrlén%rngg{:]ﬁ@gggct%gkgf r%f?? er a%ﬁ?%lgﬁ%@re@ﬁ?{% OI?S

suf fi ci eravehtsrandieganesisuivatchos re$pahsdlarfar ghe Byowtheartd deveddprinemicafl deddn
(cell Pasaage nunber 6) the cell viability was about 84% and the

| ogarithmc diagramreveal s a generation interval of approximtely 3.5 days
( 841houAs)antizBigiogenie agenMpuseoriaded with Ae Badsbol inveldgionouaethe(ddpreSgopl oBei ge

nouse. Fi , t. [ |, cal E e in
odut es T R Broube MRl TS PR oF PSR Y 1 AEREE S melaclbeREalle "
pr epar egnpdve thx appedarance ofisghondsry grandiss. regioganieliribitdis peengleo ugeflil)in thee
| magi ng P/g‘qtél e [ . d g : %gbized. The
em ttedtr g tn?g]}Néﬁh@eeqph#g%%g}dgfsgb%écgnﬁb% e%%ebcf% V@};&%h carmera, (111)
t he Wr Rhegnttagioganigragephial iosiesambleube intibitor af y&iGTes, audh amtikyesitiody gi t al
Ml {4 SPEGhT Aotk radoRimEl ML, vEBRY, YR MRIVRBAATV ERRRN! B ¥} N9
wth the system
Angiopoietin. The inhibitor is, for example, an antibody, siRNA or a small molecule.
Furthermore, a variety of anti-angiogenic agents is useful in the invention and can be
prepared by routine methods. Such anti-angiogenic agents include, without limitation,
small molecules; proteins such as dominant negative forms of angiogenic factors,

20 transcription factors and antibodies; peptides and peptidomimetics; and nucleic acid
molecules including ribozymes, antisense oligonucleotides, and nucleic acid molecules
encoding, for example, dominant negative forms of angiogenic factors and receptors,
transcription factors, and antibodies and antigen-binding fragments thereof. See, for
example, Hagedorn and Bikfalvi, Crit. Rev. Oncol. Hematol. 2000, Vol. 34: 89-110, and

25 Kirsch et al., J. Neurooncol. 2000, Vol. 50: 149-163.

The anti-angiogenic effect of an anti-angiogenic agent may be tested by using a number of
in vitro and in vivo bioassays such as the proliferation assay and the chemotaxis assay.
The proliferation assay uses cultured capillary endothelial cells and measures either
30 increased cell numbers or the incorporation of radiolabelled or modified nucleosides to
detect cells in S-phase. In contrast, the chemotaxis assay separates endothelial cells and
a test solution by a porous membrane disc, such that migration of endothelial cells across

the barrier is indicative of a chemoattractant present in the test solution (Hanahan and



(A) Photograph of the study animal in white light. (B) Cenerated
R@&B-picture using the red filter set. (C Separated gray scal ed i mrage of
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A variety of other molecules can also function as anti-angiogenic agents useful in the

invention including, without limitation, angiostatin; a kringle peptide of angiostatin;
20  endostatin; anastellin, heparin-binding fragments of fibronectin; modified forms of
antithrombin; collagenase inhibitors; basement membrane turnover inhibitors; angiostatic
steroids; platelet factor 4 and fragments and peptides thereof; thrombospondin and
fragments and peptides thereof; and doxorubicin (O'Reilly et al., Cell 1994, Vol. 79: 315-
328); O'Reilly et al., Cell 1997, Vol. 88: 277-285; Homandberg et al., Am. J. Path. 1985,
25  Vol. 120: 327-332; Homandberg et al., Biochim. Biophys. Acta 1986, Vol. 874: 61-71; and
O'Reilly et al., Science 1999, Vol. 285: 1926-1928). Commercially available anti-
angiogenic agents useful in the invention include, for example, angiostatin, endostatin,
metastatin and 2ME2 (EntreMed; Rockville, Md.); anti-VEGF antibodies such as Avastin
(Genentech; South San Francisco, Calif.); and VEGFR-2 inhibitors such as SU5416, a
30  small molecule inhibitor of VEGFR-2 (SUGEN; South San Francisco, Calif.) and SU6668
(SUGEN), a small molecule inhibitor of VEGFR-2, platelet derived growth factor and
fibroblast growth factor | receptor. It is understood that these and other anti-angiogenic
agents can be prepared by routine methods and are encompassed by the term “anti-

angiogenic agent” as used herein.



Figure 11: Tunor size neasurenent of Calu3 tunors inplanted subcutaneously
in nude 5m ce Tunors showed an exponential growth. At day 35, the tunor
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In particular, the inventors have observed that after subcutaneous cell inoculation of Calu3
cells into mice, tumors revealed an initial uniform expansion. At day 7, the first day of
tumor size measurement, the average tumor volume was higher than the following ones
20  (see Figure 11). Cells first need to arrange themselves, in a coordinated fashion manner
to establish a solid tumor. At study day 35, the start of therapy, the tumors reached an
average tumor volume of approximately 150 mm?®. Until this time point and apart from the
first measurement, tumors exhibited an exponential growth with a tumor growth rate of
about 40-50 mm?® per week. At day 7, tumors showed no obvious vascularization. They did
25 not reveal the typical color of tumors indicating that functional blood supply had not been
established. Newly formed blood vessel could not be detected around the tumors (see
Figure 12). At day 14, in the area surrounding the subcutaneously inoculated human
tumor cells, an approx. 1 mm red zone around the tumor appeared. This zone consisted of
engorged small capillaries that formed a dense network of many interlacing vessels. At day
30 21, the vascular engorgement extended into large vessels (see Figure 12). Imaging
results obtained with Qtracker705 non-targeted quantum dots demonstrated the vascular
changes in the mouse tissue and the growth of vessels around and into the tumor tissue
(see Figure 13). At study day 35, the number of tumor blood vessels increased and thus,

tumors revealed a reddish color suggesting a well established blood supply within the



5Figure 16: Injectable inmging agents for nonitoring angi ogenesis Aninmals
were injected with 50pg/ nouse of nab3-al exa647, anti-CD31-al exa610 and
mab7- al exw@Q011am06998nnol / nouse of I ntegri sense680 and i negE®P2610/059858
post-agentinjection. Mce A and D are Scid beige mce bearing a Kpld tunor
whereas B and C represent Bal bc/nude #dce bearing a Calu3 tunor. Tunors
were explanted, fixed in 10 formalin for 24 hr and enbedded in paraffin.
Nuance images were taken with a 40x rragnifi cati on. (A-D) In vivo
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(see Figure 15). Ang2 (mouse) was completely absence (data not shown) or inappropriate
20 RT-PCR condition were used. The presence of angiogenic growth factors are a rationale

for the application of anti-angiogenic therapies with target-specific therapeutic antibodies.

Immunohistochemical evaluation using an alkaline phosphatase system followed by the
visualization of mouse endothelial CD31+ cells using a slide scanner, allowed a better
25  visualization of blood vessel distribution within the whole tumor. Cryoslides at day 7,
demonstrated how mouse tissue is incorporated into the human tumors (see Figure 14 A).
Murine stroma cells were migrating into the human cancer tissue connecting first blood
vessels to the tumors. The blood vessel distribution pattern of the established human
tumors at day 21, revealed an accumulation of blood vessels at the tumor outlines (see
30 Figure 14 B). Major arteries gathered at the tumor edges whereas the inner part of the

tumor was permeated with small and engorged capillaries.

mRNA expression profiling during the first 35 days of tumor development revealed no

dramatic changes in the gene expression of angiogenic growth factors. At day 7, 14, 21,



Figure 21: Body weight curves Figure 22: Statistical analysis of therapy
10The anal ysis was carried out relative to the control mab by using the AUC
eval uat i omoab11dos99®AS program Figure 23: Conpari son of PCumreovmassss at ur e
of different treatnment groups Mce were injected with anti-CD31

anti body (50 pg/ nouse), inmaged 24 hrs4post-injection 15and conpared with
the conpare imaging tool. Figure 24: Relative change of CD31 signal during
therapy Treatnment groups exhibited an increase of |abelled anti-CD31
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dur| ng the expre55| on was determ ned by using 3 tunors at day 79.
el e&} rr%opq?fé?gﬁ v?és carried out using a 1% gel for VEGF (human) and

13 actin and 1,5%for VEGF (nouse) and Ang2 (human). 5
At study day 35, mice were randomized to statistically well distributed groups, depending
on their body weight and tumor size. For the treatment with therapeutic antibodies, each
15 group consisted of 10 Balbc/nude mice bearing Calu3 tumors and treatment with
therapeutic antibodies was applied for a 6 week time period. Tumor size and body weight
measurement were carried out once a week. All therapeutic groups revealed an average
tumor growth inhibition in a range of 27-50% relative to the control mab (see Figure 20).
Body weight measurement was performed to monitor the general conditions of mice. No
20  abnormalities were observed (see Figure 21). Both measurements were analyzed

nonparametric (median) because uniform distribution within one group was not observed.

The treatment-to-control ratio (TCR) and its two-sided non-parametric confidence interval
(Cl) were determined using the SAS program TUMGRO and the AUC evaluation. This
25 nonparametric analysis revealed that by using a level of significance of 5% (a), only the
treatment group 6 with mab 4 is statistically significant relatively to control mab. Treatment

groups 2—4 were not statistically significant (see Figure 22).

Blood vessel monitoring with anti-CD31 Preliminary studies revealed that anti-CD31
30 antibody was the best agent for imaging tumor vasculature. This agent is targeting mouse
endothelial CD31 receptors and visualizes single blood vessels with a high signal-to-
background ratio. Therefore, imaging for anti-CD31 antibody represents a feasible way to
image tumor vasculature. Three mice of each therapy group have been chosen and

injected i.v. with 50 yg/mouse anti-CD31 antibodies at day 35, 49 and 79. Near-infrared



Figure 28: Anti-nouse-CD31 ex vivo fluorescence imging Tunors are

expl anted 24 hrs post-agent injection. Anti-nouse-CD31 antibody (red

fl uor escemoe)iiim3gohe best inmagi ng agent for nonitoring POMEP2ENYFBIENESI S.
It reveals precise contours of tunor blood vessels. Blue fluorescence
represents tunor cell nuclei 10and ye#ié ow fl uorescence corresponds to
erythrocyte autofl uorescence. Figure 29: FMI three-di nensional imaging
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(Caucasi nocar ci
10 day 49 to 79 were plotted in chart 28. All treatment groups revealed an increase in tumor

vasculature from day 35 to 49. While CD31 tumor signals steadily accelerated in group 1
(control mab) and group 3 (mab 2), tumor vasculature significantly decreased in group 5

and 6 (see Figure 24).

15 Immediately after the last in vivo imaging studies, tumors were explanted (day 79), fixed in
formalin and embedded in paraffin for ex vivo studies. Fluorescence microscopy showed
numerous well defined capillaries in tumors treated with control mab. Several tumor blood
vessels were observed in mice treated with mab 2. In contrast, treatment groups 5 and 6
had obviously fewer and less defined blood vessels in the tumors compared to other

20  treatment groups. They revealed lower microvessel density, capillaries were generally
smaller and unstructured and they exhibited weaker anti-CD31 fluorescence signals.
Histochemical HE-staining showed intratumoral necrotic regions for up to 90% in the
treatment group with mab 4. Those areas of tumor necrosis were significantly higher in
group 5 and 6 than in the other treatment groups. In contrast, tumors in the control group

25  were distributed continuously with intact tumor cells (see Figure 25).

Blood vessel density in paraffin sections was determined by a custom written MATLAB
script. Blood vessel regions were with 8.8% significantly larger in the control treatment
group than in the groups treated with therapeutic antibodies. 2.8% of capillary areas were
30 observed in mab 2 treatment group, whereas only 0.9% blood vessel presence was

calculated for group treated with mab 4 (see Figure 26).

The mRNA expression profile of angiogenic growth factors during therapy did not reveal

any changes in the expression pattern. At day 79, respectively 3 tumors were explanted



10The human NSCLC (Non-small cell lung carcinoma) cell |ine Calu3 was

obt ai ned from Chugai (Kamakura, Japan). Its characteristics are the slow
gr owi ng paotermoset he ani mal studies as well as in cel lpcomEPRan@s988her e t he
cells grow in a nonol ayer and are strongly attached to the bottom of the
cell culture flasks. In vivo, the tumdfs exhibit a high vascul arization
pattern and thus, it was the major cell type used in this work. The cell
line 15was cultured, injected into mce, inmaged with different angi ogenic
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Chughi (RIS Sfeiey herEe darte ot ABTRL O FerithPle RS RIRRED 1 | ko
t he KPLwérexesedgr aft used for the optimzation of the in vivo life inmaging
paraneters. 30 WD 2011/ 003996PCT/ EP2010/ 059858 57 2. ANTI BODI ES AND
FLUORESCENCE | MAG NG AGENTS Tabl e 2: Overvi ew of anti bodi es and
f | uor esgénmatmeaggroygpagevda tlnoo mbdatoceup &b EDYe ckldting tootieemnGohgenpr at i on
Manuf ac¥-|l6|)\r/v%(/erl,v%1 azétélaclaﬁf/(%g?;%‘)lcant tumor inhibition is only observed in treatment group with
10 Tumor volumes for group mab 2 and group mab 4 exhibit a similar growth curve
development. It could be assumed that vascularization patterns are similar and thus,
reveal similar anti-CD31 signals. However, blood vessel monitoring with anti-CD31 shows
an increase of tumor vasculature in group mab 2 and a decrease of the anti-CD31 signal in
group with mab 4 (see Figure 24). Furthermore, tumors treated with mab 4 reveal up to
15  95% necrotic regions suggesting a functional destruction or inhibition of proper blood
vessel development. Treatment group mab 2 exhibit roughly 70% necrotic regions and a
blood vessel density that is almost three times higher than in group mab 4 (see Figure 26).
These results suggest that there is no correlation between tumor vasculature and tumor
volume. It shows that mab 4 and mab 2 differ in there ability to inhibit tumor blood vessel
20  formation at the molecular level although, tumor volumes do not differ significantly. The
assumption that mMRNA expressions of angiogenic growth factors could be modulated
during the treatment with target specific antibodies, could not be confirmed. The mRNA
expression of VEGF and Ang2 is neither up-regulation nor down-regulated in the different
treatment groups. However, for more accurate analysis, mRNA expression profiling should
25  be carried out using a light-cycler system that enables a more quantitative evaluation. The
different tumor inhibition effects of the therapeutic antibodies could be explained by the
dosage of mab applied. Mab 1 for example, was injected at a concentration of 5 mg/kg and
showed minimal tumor inhibition. In contrast, Mab 4 with 13,3 mg/kg, exerted the highest
tumor inhibition. However, dosages have been selected based on preliminary efficacy
30 studies. Mab 1, in higher concentrations, causes serious side effects and therefore
preclinical studies had to be terminated. Further studies for the comparison of antibody
based angiogenic effects should be performed with equal antibody concentrations. Mab 4.
Blood vessel formation monitoring with anti-CD31 antibody at different time points

demonstrates an increase of tumor vasculature in the control treatment group, whereas
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treatment groups with Mab 2 + 3 and Mab 4 shows a prominent decrease of tumor

vasculature during therapy. Histological HE-staining of explanted tumor tissue reveals

highly necrotic regions in tumors treated with Mab 2 + 3 and Mab 4 (see Figure 30). The

blood vessel density in these groups is much smaller than in those treated with the control
5 Mab (see Figure 26).

Tumor volumes for group Mab 2 and group Mab 4 exhibit a similar growth curve
development. It could be assumed that vascularization patterns are similar and thus,
reveal similar anti-CD31 signals. However, blood vessel monitoring with anti-CD31 shows
10 anincrease of tumor vasculature in group Mab 2 and a decrease of the anti-CD31 signal in
group with Mab 4 (see Figure 24). Furthermore, tumors treated with Mab 4 reveal up to
95% necrotic regions suggesting a functional destruction or inhibition of proper blood
vessel development. Treatment group Mab 2 exhibit roughly 70% necrotic regions and a
blood vessel density that is almost three times higher than in group Mab 4 (see Figure 26).
15  These results suggest that there is no correlation between tumor vasculature and tumor
volume. It shows that Mab 4 and Mab 2 differ in there ability to inhibit tumor blood vessel
formation at the molecular level although, tumor volumes do not differ significantly. The
assumption that mRNA expressions of angiogenic growth factors could be modulated
during the treatment with target specific antibodies could not be confirmed. The mRNA
20  expression of VEGF and Ang2 is neither up-regulation nor down-regulated in the different
treatment groups. However, for more accurate analysis, mMRNA expression profiling should
be carried out using a light-cycler system that enables a more quantitative evaluation. The
different tumor inhibition effects of the therapeutic antibodies could be explained by the
dosage of mab applied. Mab 1 for example, was injected at a concentration of 5 mg/kg and
25  showed minimal tumor inhibition. In contrast, Mab 4 with 13,3 mg/kg, exerted the highest

tumor inhibition.

The above presented results demonstrate that a rodent, preferably a mouse xenograft
tumor model, is suitable for determining as to whether an agent may have an anti-
30 angiogenic effect which can be visualized by the fluorescence labelled anti-CD31 antibody

described herein.

Accordingly, the present invention also relates to a method for determining as to whether a

compound may have an anti-angiogenic effect comprising providing a rodent, preferably a



Concentration Manufacturer anti-nmouse-CD31 (Host: Arnenian hanster) 50
pg/ mouse Acris Antibodies, Herfold Goat anti-arnenian hanster |1gG ALP-
conj ugat eao2bPAO3Psanova, Hamburg Ther apeuti c Anti bodi epCCamPe@OEESES ON
Manuf acturer Control mab (anti-IgE antibody) 10 ng/ kg Roche Di agnhostics
GrbH, Mannheim Mab 1 5 ng/ kg Roche D 4@gnostics GrbH, Mannheim Mab 2 10

ny/ kg

mouse, having a solid tumor, preferably a solid tumor from a human, administering to the
animal an agent having a potential anti-angiogenic effect, and monitoring a potential anti-

angiogenic effect in the animal by detecting a fluorescence labelled anti-CD31 antibody.

5 Namely, the effects of an anti-angiogenic agent can be revealed and compared by the
increase or decrease of the fluorescence labelled anti-CD31 antibody signal over time. In
particular, an increase or decrease of blood vessels supplying the tumor with blood can be
visualized by the binding (or non-binding) of the labelled anti-CD31 antibody to CD31, i.e.,
the less blood vessels, the less is the signal provided by the antibody or, likewise, the

10  more blood vessels, the more is the signal provided by the antibody. Accordingly, the less

the signal, the higher is the anti-angiogenic effect of the agent.

In a third aspect, the present invention relates to a fluorescence labelled anti-CD31

antibody for use in the methods described herein.

15
In a fourth aspect the present invention relates to a kit for use in the methods described
herein which comprises a fluorescence labelled anti-CD31 antibody and means for near-
infrared fluorescence imaging to detect to the antibody in a subject. These means are
described herein, for example, the MAESTRO system which is a preferred embodiment.
20

In a another aspect the present invention relates to the use of a fluorescence labelled anti-
CD31 antibody for the preparation of a diagnostic composition for in vivo imaging tumor

vasculature in a subject.

25 In a further aspect the present invention relates to the use of a fluorescence labelled anti-
CD31 antibody for the preparation of a diagnostic composition for in vivo monitoring the

therapeutic efficacy of an anti-angiogenic agent in a subject.

The embodiments provided herein are equally envisaged for the afore-described aspects,

30 mutatis mutandis.



Roche Di agnostics GrbH, Mannheim Mab 3 10 ngy/ kg Roche Di agnostics GrbH,
Mannhei m Mab 4 13. 3 ng/ kg Roche Di agnostics GrbH, Mannheim WO

2011/ 003996RGT/MmERe10/ 059858 58 3. PCR PRI MERS For nmRRATAEPPI1®HSISSH
studies, RT-PCR was carried out using target specific prinmers obtained from
TIB MOLBI OL GrbH (Berlin). Human VEGFSA gene expression reveals 7

5different splice variants and 6 of them are detected by using the VEG--A
specific priners. Table 3: Overview of primer sequences and anneal i ng

t emper atl’Hé%?guEésisrﬁ%(N:(h“”a” specific) Annealing tenp. [C] Sequence VEG--A

Figure 1: Processes in angiogenesis
(a) Angiogenesis growth factors bind to their receptors on endothelial cells and activate
5  signal transduction pathways. (b) Matrix metalloproteinase’s (MMP's) are activated and
degrade the extracellular matrix enabling endothelial cells to migrate out of the pre-existing
capillary wall and to proliferate. (c) Integrin o,fs is expressed by endothelial cells
facilitating their adhesion to the extracellular matrix and their migration. (d) Angiopoietin-1
(Ang1) binds to Tie2 receptor on endothelial cells. It is thought that this interaction
10  stimulates vessel sprouting, pericyte recruitment and vessel survival and stabilization. (e)
Endothelial cells release PDGF-BB, which is a chemoattractant for pericyte precursors.

These cells become associated with endothelial cells and differentiate into pericytes.

Figure 2: Balance Hypothesis for the angiogenic switch
15 The normally quiescent vasculature can be activated to sprout new capillaries, a
morphogenic process controlled by an angiogenic switch mechanism. Changes in the

relative balance of inducers and inhibitors of angiogenesis can activate the switch.

Figure 3: Calu3 cells grown in RPMI 1640 media

20 At day 34 the cell population reached a total number of ~1.3*109 which is sufficient for the
inoculation of 150 mice. By the time of inoculation (cell passage number 6) the cell viability
was about 84% and the logarithmic diagram reveals a generation interval of approximately
3.5 days (84 hours).

25  Figure 4: Mouse models

(A) Balbc/nude mouse. (B) Scid Beige mouse.

Figure 5: The MAESTRO-system is basically composed of three main modules that are
connected to each other

30 (D) the lllumination Module that prepares the excitation light of a desired wavelength range,
(I the Imaging Module, where the test animal is placed and anesthetized. The emitted
light of the injected probe can be detected by a CCD-camera, (lll) the Working station and

Analysis Module that acquires and analysis digital multispectral data.



55 FORWARD: 5" - GCAOOOATGGCAGAAGGAGGA- 3" (SEQ I D NO 1)

REVERSE: 5' - TCACCGCCTCGGCTTGTCAC- 3" (SEQ I D NGO 2) Angi opoietin 2 50

FORWARD: 5WoCGAGADIWS TTTCTTTACTTC- 3" (SEQ | D NGO 3) PCT/EP2010/059858
REVERSE: 5' - CTGATATTGCTTCTTTCCTA-3" (SEQ ID NO 4) Beta-actin (control) 55
FORWARD: 5' - ATGGATGATGATATCGCCGCG 3" (SEQ | D NO 5)

REVERSE: 5' - CTAGAAGCATTTGCGGTGGACGATG GAGGGECC- 3" (SEQ I D NG 6) Pri mer ( nouse
specific) Sequence VEG-- A

Figure 6: /n vivo imaging and spectral unmixing with the MAESTRO system

(A) Photograph of the study animal in white light. (B) Generated RGB-picture using the red

filter set. (C) Separated gray scaled image of the target specific labelled antibody (unmixed

image). (D) Separated gray scaled image of the tissue autofluorescence (unmixed image).
5 (E) Overlay of the separated grey scale images (unmixed composed image), white

demonstrates tissue autofluorescence, red represents labelled antibody. (F) Illustration of

signal intensity of the labelled antibody in false colors. (G) Definition of a detection limit to

reduce unspecific label signals.

10 Figure 7: Quantification of target specific signal intensities
Grey scaled image with an overlay showing the region that is measured. The dashed lines
drawn on top of the region show the regions major and minor axis drawn through the

center of gravity. The system calculates each regions area in pixel and in mm?>.

15  Figure 8: Multispectral imaging with the Nuance camera
The tissue section is stained with two specific labels (Dapi, alexa647) and examined with
the Nuance system. (A) RGB figure showing a restricted specific visualization because of
unfiltered autofluorescence. (B) Overlay of the three specific emission spectra (composed
image) after separation and visualization in high contrast colors shows an excellent
20  visualization of each single component. (C) Signal for alexa647. (D) Erythrocyte specific

autofluorescence. (E) Nuclei stained with Dapi. (F) Tissue autofluorescence.

Figure 9: Immunhistochemistry

Detection of mouse endothelial cells using an alkaline phosphatase system. (A) Mouse
25 endothelial cells. (B) CD31 receptor. (C) Anti-CD31 antibody. (D) Goat anti-hamster IgG

secondary antibody conjugated with an alkaline phosphatase (E). (F) Visualization by

incubation with permanent red solution.

Figure 10: ex vivo quantification of blood vessel density

30 Pictures are taken after tumor explantation, ixation and paraffin penetration using the
Nuance system (magnification 40x). (A) Original fluorescence picture. Anti-CD31-alexa610
signal is illustrated in yellow, whereas the autofluorescent erythrocytes are represented in

bright blue. (B) Separated anti-CD31-alexa610 signal (yellow). (C) Transformed and



63 FORWARD: 5"- TACTGCTGTACCTCCACCTCCACCATG 3" (SEQ I D NG 7)

REVERSE: 5" - TCACTTCATGGGACTTCTGCTCT- 3" (SEQ I D NO 8) Angiopoietin 2 50
FORWARD: 5woGHTTWSAEATAGT GTCGACAG 3" (SEQ I D NO 9) PCT/EP2010/059858
REVERSE: 5' - GACTGTAGCTGCTCCCTGTCGCTTG 3" (SEQ I D NO 10) WO

2011/ 003996PCT/ EP2010/ 059858 59 By usbhg these priners, the desired
fragments should have a size of: Table 4. PCR-fragnent sizes Prinmer (human
specific) Splice variants Size of fragnent(s) [bp] VEG--A 6 620, 569, 551,

497, 46?eve?’366% m&&/%‘)c?lijr%toifQng-CJD31-aIexa610 (black). (D) Manually defined blood vessel

regions (red).

Figure 11: Tumor size measurement of Calu3 tumors implanted subcutaneously in nude
5  mice

Tumors showed an exponential growth. At day 35, the tumor sizes ranged from approx.

40-200 mma3. In the randomization process, mice were optimal distributed in 6 groups with

10 mice each and they were treated with therapeutic antibodies.

10 Figure 12: Photographic demonstration of tumor development and tumor activated
capillary growth
At day 21 post tumor inoculation, the small blood channels (blue arrows) have extended
into the pre-existing large mouse vessels (green arrows) and the tumors established a
blood system to supply themselves with oxygen and crucial nutrients.

15
Figure 13: Non targeted blood vessel visualization in vivo
At day 21, vascular structures around the tumors (blue arrows) were visible after tail vein
injection of Qtracker705 (2 nmol/mouse) non-targeted quantum dots and visualization after
24 hr using the MAESTRO system. Quantum dots 705 are small Nan crystals exhibiting

20 intense fluorescence with a red-shifted emission for increased tissue penetration and they
are circulating up to 3 hours in the animal blood system. Tumors are characterized as

black areas suggesting an establishment of a functional tumor blood system.

Figure 14: Blood vessel distribution in the whole tumor sections

25 Mice were injected with unlabelled antimouse CD31 antibody 24 hr prior tumor
explantation. (A) CD31 visualization (pink) at day 7 and counterstain with hematoxylin
(violet). The enlarged image shows murine stroma cells (violet) migrating into the
unstructured tumor tissue (bright violet). (B) 21 days post inoculation, visualization of
CD31+ endothelial cells (pink) and counterstain with hematoxylin (violet) exhibited major

30 vessels at the tumor outlines.

Figure 15: Expression of various angiogenic growth factors during tumor development
mRNA expression was determined by using 3 tumors explanted at 5 different time points.

Gel electrophoresis was carried out using a 1% gel for VEGF (human) and B-actin and



100 Beta-actin (control) 1 1128 Priner (nouse specific) Splice variants

Si ze of fragnment(s) [bp] VEGF-A 1 78 Angiopoietin 2 1 264 5 4. METHODS
4.1Cel | owbtorieoi®eCal u3 cells are cultured in T75 cel | pculiPeoi®/ofdsasks w t h
RPM 1640 nedi a suppl enented with 10% fetal bovine serum (FBS) and 2niM
L-Jutamne in 5% CO2 at 37 C. The sl &Wwgrow ng NSCLC cells are split in 7
day periods by using trypsin, norphol ogical assessnent was perforned using
a normal light mcroscope and counted by Vi-Cel I TM Cell Viability

1,5% for VEGF (mouse) and Ang2 (human). VEGF (human) and VEGF (mouse) revealed
a tumor size dependent expression pattern whereas VEGF (mouse) levels stayed the

same.

5  Figure 16: Injectable imaging agents for monitoring angiogenesis
Animals were injected with 50ug/mouse of mab3-alexa647, anti-CD31-alexa610 and
mab7-alexa700 and Znmol/mouse of Integrisense680 and imaged 24 hr post-agent-
injection. Mice A and D are Scid beige mice bearing a Kpl4 tumor whereas B and C
represent Balbc/nude mice bearing a Calu3 tumor. Tumors were explanted, fixed in

10 formalin for 24 hr and embedded in paraffin. Nuance images were taken with a 40x
magnification. (A-D) In vivo NIRF-imaging. Deep red represents regions of high reagent
concentrations whereas blue represents regions of low concentration. (A-40x-D-40x)
Nuance ex vivo imaging allowed to localize the imaging reagents (red fluorescence) in the
tumors. Bright blue fluorescence (DAPI) shows cell nuclei. Yellow (B-40x) and blue (C-40x)

15  represent tumor tissue.

Figure 17: In vivo live imaging with two target specific antibodies
(A-C) Separation of CD31-alexa610 (green fluorescence) and Herceptin-alexa700 (red
fluorescence) in two single images. (D-40x) Ex vivo Nuance image revealed Herceptin (red
20  fluorescence) targeting tumor cells and blood vessels (green fluorescence) are mainly
observed at the tumor edges. Yellow fluorescence represents erythrocytes. (E-F) The
intensity of anti-CD31-alexa610 is much weaker than the one originating from Herceptin-
alexa700. Anti-CD31-alexa610 is well distributed all over the mouse body but mainly in the
tumor, lung and bladder. Herceptin-alexa700 is less distributed and highly located in the

25  tumor and the liver/kidneys.

Figure 18: Time-dependent antibody distribution in human xenograft
Scid beige mice bearing H322M tumors were injected with IntegriSense680
(2 nmol/mouse) and imaged at different time points. The kinetic revealed that signals from

30 circulating reagents and unspecific bindings decrease progressively over time.

Figure 19: Reagent signal intensities dependent upon their tissue depth
50 yg/mouse of mab3-alexa647 were i.v. injected in Calu3 bearing Balbc/nude mice. NIRF

imaging revealed highest concentration within the tumor region. Nuance ex vivo imaging



15 Analyzer. The cells reveal an exponential growing pattern with a
generation interval of approx. 3,5 days and at day 35, cells are
trypsi ni 2&80,20mzmbwd, counted and diluted to 5*106/ 100ulprcd/EPbiossIssodel s 20
To avoid an i mrune reaction against the injected human tunor cells, female
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Figure 24: Relative change of CD31 signal during therapy

Treatment groups exhibited an increase of labelled anti-CD31 signals within the tumor

regions in the first two weeks of treatment (yellow bars). In contrast, between day 79 and
20 47, treatment with mab 2 + 3 and mab 4 reduced tumor vasculature significantly, while

control group and treatment with mab 2 accelerated tumor blood vessel formations (violet

bars).

Figure 25: Fluorescence microscopy for anti-CD31 and histochemical staining
25  After treatment for 44 days, mice were injected with anti-CD31 antibodies, sacrificed and
tumors were removed. Lower row, represents the ex vivo fluorescence studies. Blood
vessels stained with anti-CD31 antibody (yellow) were much more present in the group
treated with the control mab. Another evidence for tumor capillaries is the appearance of
autofluorescent erythrocytes (bright blue). Upper row shows HE-stained tumor sections.
30  Control tumors revealed some necrotic regions, whereas tumor necrosis was extremely

accelerated in those groups treated with anti-angiogenic antibodies.

Figure 26: Quantification of blood vessel density ex vivo.



Results are transferred to a | ocal data base. The fornula for tunor vol une
cal culation 25 used in the programis an approxi mation for the cal cul ation
of elliptwoabsiap®wd tunors. It conprises the length L (IlPomgesdi0@s98ensi on)
and width W(shorter dinension, parallel to the nouse body) of the tunors.
V =0.5xL x (W) 30 4. 5Random zati ofi> To obtain statistically well
distributed groups for the treatnent with therapeutic anti bodies, the
animal s need to be random zed. This random and honbgenous distri buti on is
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4. 6Parenteral injection of Antibodies Intraperitoneal (i.p.) injection of

t herapeutic anti bodies during therapy is carried out using a 1.0 nm syringe
and an ERfdre 2BUAaL- mndseaﬁDB'rledv'vvofmbmsbermrimpgmg of the abdom nal cavity of
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collection of emission filters. In addition to the natural

Figure 30: Tumor size measurement and ex vivo analysis for control mab, mab 2

(Treatment Group 3) and mab 4 (Treatment Group 6).

20  Figure 31: Detection of blood vessels by use of Cy5 labeled anti-CD31
(A) Anti-murine CD31 antibody labeled with Cy5 was injected i.v. at a concentration of 50
Mg/ mouse (2 mg/kg) in Calu3 xenograft BALB/c nude mice. After 48 hrs in vivo image was
aquired.
(B) 15 min thereafter tumor was explanted and tissue slide section was analyzed by
25  fluorescence microscopy.
Erythrocytes (in yellow) within a vessel is an indication that vessels are functional

Vessel wall (in red) stained with Cy5 labeled anti-CD31 antibody



25 autof l uorescence of the skin, fur, sebaceous glands, there is also

di stinct autofluorescence fromconensal organisns (fungi, mtes, etc.) and
i ngest ed woadi1(ombdoer ophyl | ). Ml tispectral analysis is ablrErPe@ossysss ate al |
of these signals fromthe specific |abel applied to the specinen through
the mat hematical ly disentangl ement of56he |inear signal m xture (unm xi ng)
of the emtted fluorescent lights as long as the em ssion spectrum of the
30desired signal and of the autofluorescence are known. 62 Measurenent The
illumn j i A tes

whi te 11ROt ae S SRR AL bt K08 AP T Preebihudiil: 5,

t he expbeunt memetydiystratentbelinwghtion.s 5 delinmtated to a, for the experinent,

desi red wavel ength range and conducted via an optical fiber into the

i magi ng nodule. In here, the restricted light is partitioned into four

opti cal Exatmles t hat illum nate the anesthetized test animal. The MAESTRO
syst§n1chooses the optinmal exposure tine automatically, so that there is no
ri sk of overexposure. The emtted fluorescence light of the activated
fluoresdent PEbbdINESsel ected with an em ssion 10 filter (see Table 1) and
conducted through a liquid crystal (LC) to a high sensitive, cooled
COD-canera. The liquid crystal enables the canmera a selective picture
recordi Ad of Calug€autasianAdermegreinoMacLwag.dHuman)h neasur ement range
depends on the selected filter set (blue, green, yellow red, deep red,
NIR) and pictures are recorded in steps of 10 nm The spectral information
of &achTse myh@npNSCLEe(Nos-somiibéaleldng ramirema)i aslluine Galuk ags' obtthiatd ifom
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wher eby the bl ack-and-white pictures turn into colored i mage (RGB i nmage,
see Figure 8F). Qut of these acquired nultispectral information the system
is abl elt2o dKPLef¥enti ate between injected probes and autof | uorescence of
any source. The programis using a spectral library, where the single
spectra of each pure probe and the spectra acquired by inmging 30 the study
ani 2@l s Th8drdnst nanier cell Haé, d<FBeﬂgwa$riao®)tederorI’mdbe raariignamij medrabeffysimueies
autoflu : nd of
the.aut B Ec et PR DRGSR FRESHER, Ble (qlInENER TR, (e
desir edfrglme@:hLWI @achaky s, gap@n)cléle# xepogratih wefe tidedfor thhepbmizgtiomoeeiimage
(unm xe R different colors. To
vi sual i gegt %F%ﬁm t E)&?ﬁéﬁ?@%ﬁ%?@%ﬂ% %%m%fgr@%g%gggm gnal, it is
possible to illustrate the signal in false colors (see Figure 6F), whereas

| oWy § nt gnRsi thgg I?re bl ue and regions of high intensities are red. Besides

t hat, one can ine a detection limt for the signal intensity of the

pr obe whi ch all ows reducing the signal of circulating probes and

unspeci frh& s%'c&% nfggh-gr%%ﬁ CEil%‘ngcgphne”ﬁNas H322M. It also originates from Chugai
(Kamakura, Japan). This cell line was applied in the same way like the KPL-4 xenograft
used for the optimization of the in vivo life imaging parameters.
30



Conparison and Quantification The MAESTRO s ability to conpare fl uorophore
regions of an inage nmakes it easy to conpare the tunor fluorescent signa

i nt ensi t iwe 2durdodayet her apy. The program provi des 10 t oolPsTiEPRO1DIE985S
conparison of different signal intensities in tunmor regions (conpared
imges). Since all inmages are taken af7optimal exposure tines, they differ
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Antibodies for Concentration Manufacturer
Immunohistochemistry

anti-mouse-CD31 (Host: Armenian 50 pyg/mouse Acris Antibodies,

hamster) Herfold

Goat anti-armenian hamster IgG ALP- 1/200 Dianova, Hamburg

conjugated

Therapeutic Antibodies Concentration Manufacturer

Control mab (anti-lgE antibody) 10 mg/kg Roche Diagnostics
GmbH, Mannheim

Mab 1 5 mg/kg Roche Diagnostics
GmbH, Mannheim

Mab 2 10 mg/kg Roche Diagnostics
GmbH, Mannheim

Mab 3 10 mg/kg Roche Diagnostics
GmbH, Mannheim

Mab 4 13.3 mg/kg Roche Diagnostics

GmbH, Mannheim




Material Incubation tinme [hr] Tenperature [C(]
2 x Ethanol 95% 1.5 Roomtenp. 2 x Ethanol 100% 1.5 Roomtenp. 2 X

t enp.
Xyl ol

10080200 /880N t enp. 4 x Paraffin 1 60
58

3. PCR PRIMERS

3 x Ethanol 70% 1.5 Room

PCT/EP2010/059858

For mRNA expression studies, RT-PCR was carried out using target specific primers
obtained from TIB MOLBIOL GmbH (Berlin). Human VEGF-A gene expression reveals 7

different splice variants and 6 of them are detected by using the VEGF-A specific primers.

Table 3: Overview of primer sequences and annealing temperatures

Primer Annealing | Sequence
(human specific) temp. [°C]

(SEQ ID NO:1)

(SEQ ID NO:2)

VEGF-A 55 FORWARD:5-GCACCCATGGCAGAAGGAGGA-3’

REVERSE:5-TCACCGCCTCGGCTTGTCAC-3"

(SEQ ID NO:3)

(SEQ ID NO:4)

Angiopoietin 2 50 FORWARD:5-CAGATTGTTTTCTTTACTTC-3"

REVERSE:5-CTGATATTGCTTCTTTCCTA-3"

(SEQ ID NO:5)

GAGGGGCC-3’
(SEQ ID NO:6)

Beta-actin (control) 55 FORWARD:5-ATGGATGATGATATCGCCGCG-3’

REVERSE:5-CTAGAAGCATTTGCGGTGGACGATG

Primer (mouse Sequence
specific)

VEGF-A 63 FORWARD:

(SEQ ID NO:7)

(SEQ ID NO:8)

5-TACTGCTGTACCTCCACCTCCACCATG-3"

REVERSE:5-TCACTTCATGGGACTTCTGCTCT-3"

(SEQ ID NO:9)

(SEQ ID NO:10)

Angiopoietin 2 50 FORWARD:5-GGTTAGAGATAGTGTCGACAG-3’

REVERSE:5-GACTGTAGCTGCTCGCTGTGCTTG-3"




After paraffin penetration, tunors are enbedded in liquid paraffin with the
Ti ssue Tek(r) Paraffin enbedding station to a final histological block.

Par af f i n weabiigws9dsn a range of 2 - 8 pm of thickness areTmre@ionssdssrom

t hese bl ocks using a microtone. They are cut, uptaken 10on gl ass slides,
air dried over night at 37 C fol |l owed5%y de-paraffinization and HE-stai ning
(see table 10). Slides are exam ned with the Nuance system 4.10

Hemat oxyl i n- Eosi n stai ning 15Hemat oxylin and eosin stain are of the npst
conmmonl [ Q tissue variations in
bi opsi e)éyg?ﬁ tﬁéS% d?%cécgﬁﬁﬁé 36 e(alqéﬁlb%o %n'aﬁ]sa%ggtsﬂ ac]c d fromthe wood of

t he | ogwood tree When oxi di zed it forms haematein, a conpound with rich

bl ue- puifpble 4 61CGit-fragmentisizessed, together with a suitabl e nordant (nost
commonly Fe(ll11) or AI(I11) alunms) form ng hemal um (see Table 6), to stain
cell nuclei prior to 20 exam nation under a mcroscope. During staining,

t he pos anr&hwham gpeblfid:)urr Sphmal mmmts nt er act vhthebh&agegat(s)/Eblpy cl‘arged
phOSpha oS of—nuetete et-ds—Fhe—finral—bit O ed L.y
bl uei ng %#ﬁ ’LFap wat er. The @t ai ni ng shoul d be ex%%% ﬁg%l %%rx% ?
st ai ni ng gr ade usi ng the light m croscope and st|dggsed at favor ed st ai|ni ng
i nt ensi 25Table—6+—Hermatpn—sotut+on—vateri+al %nt FH—CGt++e—aect+gl 65
Hemat ox 910‘10"% um i odide[ 0.2 Al um ni um

Beta-actin (control) 1 1128

Primer (mouse specific) | Splice variants Size of fragment(s) [bp]

VEGF-A 1 78

Angiopoietin 2 1 264

5

4, METHODS

41 Cell culture
10
Calu3 cells are cultured in T75 cell culture flasks with RPMI 1640 media supplemented
with 10% fetal bovine serum (FBS) and 2mM L-Glutamine in 5% CO2 at 37 °C. The slow-
growing NSCLC cells are split in 7 day periods by using trypsin, morphological assessment
was performed using a normal light microscope and counted by Vi-CellTM Cell Viability
15 Analyzer. The cells reveal an exponential growing pattern with a generation interval of
approx. 3,5 days and at day 35, cells are trypsinized, washed, counted and diluted to
5%*106/100ul.

4.2 Mouse models
20
To avoid an immune reaction against the injected human tumor cells, female Balbc/nude
mice (see Figure 6 A) are selected, 4-5 weeks of age, from Bomholtgard (Ry, Denmark).
These animals lack a thymus, are unable to produce mature T-cells, and are therefore
immunodeficient and appropriate for xenograft studies. For preliminary tests, Scid Beige
25 mice (see Figure 6 B), from Charles River (Sulzfeld, Germany), injected with KPL4 or

H322M tumors are used. Scid Beige mice possess both of the genetic autosomal



50 potassiumsul fate 50 Chloral hydrate Eosin is a synthetic red dye often
used as the counterstain to hematoxylin staining. Eosin is an acidic dye
and negatwoeby/ob@asged, so that it is bound through el eeCmEPL@EDI0SISSS
adsorption to positive groups and shows up in the basic parts of the cells
(col l agen, basic parts of the 5cytopl&m. Table 7: De-paraffinization and
HE-stai ning Material Incubationtine [mn] Xylol 100%5 Xylol 100%5 Xyl ol
100% 5

recessive mutations “Scid” and “Beige’. “Scid” mice show severe combined
immunodeficiency affecting both B and T lymphocytes whereas the “Beige” mutation
affects only the NK-cells. The Scid Beige mice are shaved for imaging experiments in
order to reduce autofluorescence signals resulting from the body fur. All animals are
5  provided free access to food and water throughout the whole time of study. For in vivo live
imaging experiments, anesthesia is carried out through inhalation of Isofluran inserted in
an appropriate anesthesia box. All studies are performed according to animal welfare

regulations and have been approved by local authorities.

10 4.3 Tumor and Transponder inoculation

The exponentially growing Calu3 cells are harvested, washed in PBS and injected
subcutaneously into the right flank region of the anesthetized mice by an experienced lab
technician, in a volume of 0.1 ml and a total number of 5*106 tumor cells. For easy
15 identification of the Balbc/nude mice during the whole study, they are injected with a
transponder that is also injected subcutaneously using a transponder injection device. All
experimental studies were carried out according to committed guidelines (GV-Solas,
Felasa, TierschG). Experimental study protocols were reviewed and approved by local
government (registration no. 211-2531.2-22/2003).
20
44 Tumor size and body weight

Tumor size and body weight are measured in mm and g by using a caliper and a balance.
Results are transferred to a local data base. The formula for tumor volume calculation
25 used in the program is an approximation for the calculation of ellipticalshaped tumors. It
comprises the length L (longest dimension) and width W (shorter dimension, parallel to the

mouse body) of the tumors.

V=05xLx(W?

30 4.5 Randomization

To obtain statistically well distributed groups for the treatment with therapeutic antibodies,
the animals need to be randomized. This random and homogenous distribution is carried

out using the internal software based system called “Phasis” (Pharmacology Animal study
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Information System). Shortly before the start of therapy, mice are grouped depending on
their body weight and their size of the tumor. The system finds the smallest distance
between largest and smallest tumors in one group. The randomization tool gives a

homogenous and, most important, a comparable grouping as a start point of therapy.

4.6 Parenteral injection of Antibodies

Intraperitoneal (i.p.) injection of therapeutic antibodies during therapy is carried out using a
1.0 ml syringe and an 18G-canula and applied in the lower part of the abdominal cavity of
the mice in a volume of 200 pl. Intravenous (i.v.) application of fluorescent labelled
antibodies is performed using a 1.0 ml syringe and a 27G-canula and injected into the

mouse tail vein in a volume of 200 pl.

4.7 NIRF in vivo live imaging with MAESTRO®

The MAESTRO system is a planar fluorescence-reflecting-imaging system that allows a
noninvasive in vivo fluorescence measurement. In this multispectral analysis, a series of
images are captured, at specific wavelengths. The range of wavelengths captured should
cover the expected spectral emission range of the label present in the specimen. The
result will be a series of images called “image cube” and it is the data within this series of
images that is used to define the individual spectra of both autofluorescence and specific
labels. Many labels of biological interest have emission spectra that are so similar that
separation using expensive narrow band filters is difficult or impossible. A single long pass
emission filter replaces a large collection of emission filters. In addition to the natural
autofluorescence of the skin, fur, sebaceous glands, there is also distinct autofluorescence
from comensal organisms (fungi, mites, etc.) and ingested food (chlorophyll). Multispectral
analysis is able to separate all of these signals from the specific label applied to the
specimen through the mathematically disentanglement of the linear signal mixture
(unmixing) of the emitted fluorescent lights as long as the emission spectrum of the

desired signal and of the autofluorescence are known.

5



104.11 Supplying of sections After HE-staining, the tissue sections are
dehydrated (see Table 8), supplied with approximtely 100 pl Cytoseal TM
nmount i ng wedna/mpdecovered with glass cover slips. 66 Pabier2@80/0B88ydrati on
and supplying of cover slips Material Incubation time [mn] Ethanol 70%5
Et hanol 80% 5 Et hanol 90% 5 Et hanol 160% 2 Xyl ol 100% 2

Measurement

The illumination module is equipped with a xenon lamp (Cermax) that excites white light.
Through a downstream connected excitation filter (chosen by the experimenter), the light is

5 delimitated to a, for the experiment, desired wavelength range and conducted via an
optical fiber into the imaging module. In here, the restricted light is partitioned into four
optical fibers that illuminate the anesthetized test animal. The MAESTRO system chooses

the optimal exposure time automatically, so that there is no risk of overexposure. The
emitted fluorescence light of the activated fluorescent probe is selected with an emission

10  filter (see Table 1) and conducted through a liquid crystal (LC) to a high sensitive, cooled
CCD-camera. The liquid crystal enables the camera a selective picture recording of a
specific wavelength. The wavelength measurement range depends on the selected filter

set (blue, green, yellow, red, deep red, NIR) and pictures are recorded in steps of 10 nm.

The spectral information of each single picture is combined in one “picture package” that is

15 called “image cube” (see Table 1).

Analysis

Each recording compose of 12 bit black-and-white pictures that can be illustrated in 4096
20 different gray scales and therefore it is possible to discriminate between smallest
differences in emission intensities. In contrast, the human eye is able to distinguish
between 30-35 grey scales. Those values for the emission intensities (grey scales) are
plotted against the wavelength range and as a result, we obtain the emission spectra of
each probe and the tissue autofluorescence. The software subdivides the three
25 fundamental colors (red, green, blue) to the wavelength range used for the imaging cube
whereby the black-and-white pictures turn into colored image (RGB image, see Figure 8F).
Out of these acquired multispectral information the system is able to differentiate between
injected probes and autofluorescence of any source. The program is using a spectral
library, where the single spectra of each pure probe and the spectra acquired by imaging
30 the study animals (Balbc/nude or Scid Beige mice) without any injection (mouse
autofluorescence). By knowing the exact spectra of the pure imaging and of the
autofluorescence, the system is able to filter the whole image for the desired spectra and
assign a color to each of them. The originated image (unmixed composite image) shows

the present spectra in different colors. To visualize the intensity distribution of the probe



5 4.12 Nuance(r) ex vivo inmaging The multispectral imaging technique with

t he Nuance canera acquires high sensitive inmages on paraffin or

cryosect iwo0amd3@kl ows quantitative and sensitive neas@eCemPra1s/osdsssubt | e
differences in spectral em ssions. Nuance has two main advantages. First,
it is able 10 to do brightfield imagi 6 and it can al so act as an excel |l ent
col our canera. Secondly, in fluorescence m croscopy, in sanples which are
aut of  uorescent, |ike nost tissue sections, Nuance is separating tissue
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and moved to the next image to be compared with. Each region is calculated in pixels and
mm2 based on the current settings (stage height and binning). As a result, it gives
information about the average signal, total signal, max. signal and average
signal/exposure time (1/ms) within the created measurement area.
20

4.8 Tumor explantation

Animals are sacrificed and tumors are explanted according to committed guidelines
(GVSolas, Felasa, TierschG). After sacrificing the animals, tumors are explanted using a
25  scalpel and transferred into an embedding cassette or flash frozen in liquid nitrogen with
isopentan for immunohistochemical applications and without isopentan for PCR

applications.

49 Tumor fixation and paraffin sections

30
Explanted tumors are enclosed in an embedding cassette and are incubated under
continuous agitation in formalin for approximately 24 hours. Thereafter, formalin is

discarded and tumors washed with dest. water followed by dehydration of the tumors and



To visualize tunor blood vessels through the whol e tunor section, an

unl abel | ed endot helial antibody (hanster anti-nobuse-CD31) is injected into
t he m ce woai1/b3960ncentrati on of 50 pg/ nouse. Tunors ace/RP@bapdissgl at 24
hours post-injection and sectioned after flash freezing in liquid nitrogen
and i sopentan. The unl abel |l ed vessel éhrker is identified using a secondary
anti body (goat anti-hanster 1gQG al kaline phosphatase system A slide
scanner all ows the visual i zation of the whol e tunor sectl on
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at -20 tl)'samil'ek@h/d:t Veauumy InfiBratier quce&ﬁbrpmtum)r 25 cryosectl ons are cut at
the optinmumcutting tenperature of - 18 Cwith the Cryostat (2800
Frigocut), fixed with acetone for one mnute, air dried and used for

| mmunohiTablech &ehydratorapmd paraffineeatiigmunost ai ni ng procedure and slide scan
30 Sections are adj usted in Dako wash buffer for 5 mnutes and bl ocked with
10% goat serum f i utes—t ot eYeat wunsaecii bt adings;of the
secondary anti bjp l? e slides Q#gs%&%%g@émﬂceTf*mp%éﬂr#énﬁﬂs prior to the
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from the wood of the logwood tree. When oxidized it forms haematein, a compound with

rich blue-purple color, and is used, together with a suitable mordant (most commonly
Fe(lll) or Al(Ill) alums) forming hemalum (see Table 6), to stain cell nuclei prior to
20  examination under a microscope. During staining, the positively charged alum complexes
interact with the negatively charged phosphate groups of nucleic acids. The final blue color
is obtained by blueing with tap water. The staining should be examined for desired staining

grade using the light microscope and stopped at favored staining intensity.

25  Table 6: Hemalum solution

Material Amount [g]

Citric acid 1
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is an acidic dye and negatively charged, so that it is bound through electrostatic adsorption

to positive groups and shows up in the basic parts of the cells (collagen, basic parts of the

5  cytoplasm).

Table 7: De-paraffinization and HE-staining

Material

Incubation
[min]

time

Xylol 100%
Xylol 100%
Xylol 100%
Ethanol 100%
Ethanol 90%
Ethanol 80%
Ethanol 70%
dest. water
hemalum
tap water
dest. water
Eosin (1%)

5
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10 4.11 Supplying of sections

After HE-staining, the tissue sections are dehydrated (see Table 8), supplied with

approximately 100 uyl CytosealTM mounting media and covered with glass cover slips.



RT-PCR 15RT-PCR is carried out in two steps: First strand cDNA synthesis
using the first strand cDNA synthesis Kit followed by a pol ynerase chain
reacti on weizog/ibeeH gh Fidelity PCR Master M x. ConponeaTErPan/0sBER
synthesis nRNA is transcribed into single-stranded cDNA at the 3"-end of
the pol y(A)-nmRNA by using the Aigo-p6@T)15 primer. Table 9: Conponents for
first strand cDNA synthesis Conponent Vol une/ Concentration 10x Reaction
Buffer 2.0 pl 25 mM MgCl2 4.0 pl Deoxynucleotide Mx 2.0 pl digo-p(dT)15

pri mer %aglerg: dgh?&rgtiémgﬂ(p&}p%yirgg (9 cBl/el’Aé!Ws Reverse

Material Incubation time
[min]
Ethanol 70% 5

Ethanol 80%
Ethanol 90%
Ethanol 100%
Xylol 100%

N N Or O

5 412 Nuance® ex vivo imaging

The multispectral imaging technique with the Nuance camera acquires high sensitive
images on paraffin or cryosections and allows quantitative and sensitive measurements of
subtle differences in spectral emissions. Nuance has two main advantages. First, it is able
10 to do brightfield imaging and it can also act as an excellent colour camera. Secondly, in
fluorescence microscopy, in samples which are autofluorescent, like most tissue sections,
Nuance is separating tissue auto-fluorescence from signals of interest. The function is

similar to the MAESTRO system using a filter set and multispectral analysis.

15 Measurement

The paraffin slides are placed at the specimen stage and brought into focus. The UV-lamp
of the fluorescence microscope emits a broad spectrum of UV-light. The excitation filter
delimitates the light to the desired wavelengths range and it is focused through a beam

20  splitter on the tissue sections. The fluorescent probes, contained in the sections, absorb
light and emit light of fluorophore specific wavelengths. The optimal exposure time is set
up by the Nuance system automatically. The downstream connected emission filter allows
just defined wavelengths to pass and they are recognized by the camera. The Nuance
camera is a high sensitive, cooled CCD-camera containing a liquid crystal filter. This

25  camera system is identical to the described Maestro system (Chapter 4.7). Multispectral
imaging and analysis are based on the same background allowing to separate fluorescent
probes with similar emission spectra and the removal of tissue

autofluorescence.



0.8 pl Transcriptase variable Sterile water variable 500 ng 70 RNA sanple
Total vol ume20 pi cDNA synthesis reaction: 10 m n25 CAnneal ing 560 m n42
CTr anscr iwoi2on/@®396n99 CDenat ure AWV Transcriptase 5 m r¢T/EBeomposmsss S f or
PCR 10 Tabl e 10: Conponents for polynmerase chain reacti on Conponent

Vol unme/ Concentrati on 67

Analysis

The Nuance system is also working with a spectral library. Pure single spectra of the
5 fluorescent probes and of the autofluorescence are needed to separate and visualize the
different signals (see Figure 8). For doing this, the single spectra of each fluorophore are
measured using the appropriate filter set as well a tissue section without any labeling to
reveal the tissue autofluorescence. These spectra are transferred into the system,
separated and visualized in different colors (see Figure 8).
10

413 Immunohistochemistry

To visualize tumor blood vessels through the whole tumor section, an unlabelled
endothelial antibody (hamster anti-mouse-CD31) is injected into the mice in a
15  concentration of 50 pg/mouse. Tumors are explanted at 24 hours post-injection and
sectioned after flash freezing in liquid nitrogen and isopentan. The unlabelled vessel
marker is identified using a secondary antibody (goat anti-hamster IgG) alkaline

phosphatase system. A slide scanner allows the visualization of the whole tumor section.

20
Cryosections

For Immunohistochemistry applications, tumors are flash frozen immediately after excision
in Isopentan and liquid nitrogen and held at -20 °C until sectioning. Briefly, 10 um tumor
25  cryosections are cut at the optimum cutting temperature of — 18 °C with the Cryostat (2800
Frigocut), fixed with acetone for one minute, air dried and used for Immunohistochemistry

application.

Immunostaining procedure and slide scan

30
Sections are adjusted in Dako wash buffer for 5 minutes and blocked with 10% goatserum
for 20 minutes to prevent unspecific bindings of the secondary antibody. The slides are
rinsed twice for 2 minutes prior to the incubation of the goat anti-hamster IgG secondary

antibody (AP conjugated) for 1 hour and a 1/200 dilution. The sections are washed three



PCR Master Mx 20 pl Primer forward 1 pl Priner reverse 1 pl Dest. water 8
pl cDNA tenplate 20 pl 1pl 1pl 8pl 20 pl Total volunme 50pl 15PCR reaction:
4 m n94 Genatwmagson 1 m n94 CDenaturation 1 m nX CAnnealriergoi8hsmsyel es 202
m n72 CEl ongation 10 m n72 CEl ongati on The annealing tenperature differs
fromprimer to primer (see Chapter 3)68 71 Gel el ectrophoresis

times for 5 minutes with Dako wash buffer containing 0.025% Tween. For the visualization,
the slides are incubation twice for 10 minutes with the permanent red solution, rinsed in
dest. water and blued for at least 5 minutes. Tissue sections are dehydrated (see Table 8),
supplied with approximately 100 ul CytosealTM mounting media and covered with glass
5 cover slips. The MIRAX SCAN is equipped with an external scan camera and allows
digitizing the slides. It detects the sample on the slide and scans it in constant high quality

and offers the possibility to quantify the whole tumor tissue sample.

414 mRNA expression profiling
10
RT-PCR is carried out to determine the expression profile of various angiogenic growth
factors (VEGFA, ANG2) during tumor development and tumor blood vessel growth. Mouse
and human specific primers are used to reveal the balance between the RNA expression
resulting from human material and the expression resulting from mouse itself. RNA
15 extraction The explanted tumors are placed in a MagNA Lyser LC Green Bead and snap
frozen in liquid nitrogen. By adding the appropriate volume of lysis buffer (depending on
the weight of the tumor), the sample is homogenized in the fast prep instrument until
complete disruption of the tumor tissue. The centrifugation step is pelleting the debris in
the bottom of the tubes making it easy to take the supernatant and place it into the sample
20  cartridge to start the mRNA extraction with the MagNA pure LC system. The system is
working automatically by choosing the program for the isolation of mRNA from tissue

samples.

MagNA pure LC system procedure using the Magna Pure LC mRNA Isolation Kit I
25 (Tissue)

1) Lysate supernatants are pipetted into the sample cartridge
2) Samples are diluted with the Capture buffer containing biotin-labelled oligo(dT),
which is hybridizing to the poly(A) tale of mMRNA"s
30 3) After addition of SMPs (Streptavidin Magnetic Particles) the oligo(dT)-mRNA
complex is captured and immobilized onto the bead surface
4)  Genomic DNA is removed by incubation with DNase |
5) SMPs with the adsorbed mRNA are recovered from the wells of the processing

cartridge by applying a magnet from the outside of reaction tubes



The separation and visualization of the fragnents is carried out by
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r ecor dedDNActyothesis Kit foIIowed by a ponmerase chain reaction using the High Fidelity PCR
Master Mix.

Components for cDNA synthesis

20
mRNA is transcribed into single-stranded cDNA at the 3"-end of the poly(A)-mRNA by
using the Oligo-p(dT)15 primer.
Table 9: Components for first strand cDNA synthesis
25
Component Volume/Concentration
10x Reaction Buffer 2.0 ul
25 mM MgCl; 4.0 pl

Deoxynucleotide Mix 2.0 ul
Oligo-p(dT)45 primer 2.0 ul

RNase Inhibitor 1.0 ul
AMV Reverse 0.8 pl
Transcriptase variable

Sterile water variable 500 ng
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the material incor pc;r”‘ﬁ“'aﬁ?"lercf erefce—contradtets—or—% inconsistent with
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Accor di ngimin unl eg5°0t her wi sennsdiingat ed to the contrary, the numerical
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construgdmpn Iigh? §f t he nunber 25of significant digits and ordinary
roundi ng approaches. Unless otherw se indicated, the term"at |east"”

pr ecedi Cgmposerts &8 RFR:el enents is to be understood to refer to every

el eb@ent in the series. Those skilled in the art will recognize, or be able

to ascertain using no re than roytine experinmentation, many equival ents
to the Toosod FolPeguRRirpebdRins el Bofth on deseri bed herei n. Such
equi valents are intended to be enconpassed by the present invention. 73 be

understood to inply|the iQuphpsiemt of & Valwhedoneergeationl step or group of
i ntegers or steps buwt—pot—the—execluston—of—anyother—+n{eger or step or
group of integer or ?tdé%!\/'as{er Mix 20 W™ 1207l
Primer forward 1 pl 1l
Primer reverse 1 pl 1l
Dest. water 8 pl 8 ul
cDNA template 20 yl
Total volume 50 pl
15 PCR reaction:
4 min 94 °C Denaturation
1 min 94 °C Denaturation
1 min X°C Annealing 35 cycles
20 2min 72 °C Elongation
10 min 72 °C Elongation

The annealing temperature differs from primer to primer (see Chapter 3).
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marker is used to |dent|fy the approximate size of the separated fragments.

414 Statistical analysis

15
Data regarding primary tumor growth were statistically analyzed. Briefly, in a randomized
two-sample design the treatment-to-control ratio (TCR):
vtreated
20 TCR =
Vcontrol

and its two-sided non-parametric (1-a) confidence interval (Cl) was determined. The
calculations were performed with the special SAS program TUMGRO (version 3.0) using
25  SAS version 9.1 (SAS Inc. Cary,). The system allows an “endpoint” evaluation (EP) and an
“area under the curve” evaluation (AUC) of the measured data. EP evaluation is using the

values of the last day of tumor measurement, whereas AUC evaluation includes all data.

416 exvivo blood vessel quantification

30
The quantification of blood vessel density in paraffin sections is carried out using a custom
written MATLAB script. The basic idea behind the program is to separate the anti-CD31
signal by using a k-Means-clustering (see Figure 10B). The filtered specific signal is then

transformed into a binary image and “eroded” to remove disturbing signals (erosion



7. The nethod of any of the preceding clains, wherein the subject is to be
treated with an anti-angi ogeni c agent. 258. The nethod of any of the

pr ecedi ngwol2aiwmw39gsher ei n detecting is acconplished by mearereonsesssl
fluorescence imaging (NIRF). 9. The nethod of claim8, wherein near-infrared
fl uorescence inmagi ng i ncl udes 72 fl uorescence refl ectance inmagi ng
(FRI') or fluorescence-nedi ated tonography 30(FMI). 75 11. The nethod of
claim 10, wherein the inhibitor is an antibody, siRNA or a snall nol ecul e.
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conmposition for in vivo nonitoring the therapeutic efficacy of an anti -
angi ogeni ¢ agent in a subject.

The specification is most thoroughly understood in light of the teachings of the references
cited within the specification. The embodiments within the specification provide an
10  illustration of embodiments of the invention and should not be construed to limit the scope
of the invention. The skilled artisan readily recognizes that many other embodiments are
encompassed by the invention. All publications and patents cited in this disclosure are
incorporated by reference in their entirety. To the extent the material incorporated by
reference contradicts or is inconsistent with this specification, the specification will
15  supercede any such material. The citation of any references herein is not an admission

that such references are prior art to the present invention.

Unless otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification, including claims, are to be understood as
20  being modified in all instances by the term "about." Accordingly, unless otherwise indicated
to the contrary, the numerical parameters are approximations and may vary depending
upon the desired properties sought to be obtained by the present invention. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should be construed in light of the number

25  of significant digits and ordinary rounding approaches.

Unless otherwise indicated, the term "at least" preceding a series of elements is to be
understood to refer to every element in the series. Those skilled in the art will recognize, or
be able to ascertain using no more than routine experimentation, many equivalents to the
30  specific embodiments of the invention described herein. Such equivalents are intended to

be encompassed by the present invention.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will
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be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integer or step.

Several documents are cited throughout the text of this specification. Each of the
documents cited herein (including all patents, patent applications, scientific publications,
manufacturer’s specifications, instructions, etc.), whether supra or infra, are hereby
incorporated by reference in their entirety. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate such disclosure by virtue of prior
invention.

@, 0

It must be noted that as used herein and in the appended claims, the singular forms “a”,
“an”, and “the”, include plural referents unless the context clearly indicates otherwise.
Thus, for example, reference to “a reagent’ includes one or more of such different
reagents, and reference to “the method” includes reference to equivalent steps and
methods known to those of ordinary skill in the art that could be modified or substituted for

the methods described herein.
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Claims

A non-invasive method of in vivo imaging tumor vasculature in a subject comprising

detecting a fluorescence labelled anti-CD31 antibody.

A non-invasive method of in vivo monitoring the therapeutic efficacy of an anti-
angiogenic agent in a subject comprising detecting a fluorescence labelled anti-
CD31 antibody.

The method of any of the preceding claims, wherein the subject is to be
administered the fluorescence labelled anti-CD31 antibody prior to detecting said

antibody

The method of any of the preceding claims, wherein the subject suffers from

cancer.

The method of any of the preceding claims, wherein the subject has a solid tumor.

The method of claim 5 wherein the solid tumor of the subject is a xenograft,

preferably a human xenograft.

The method of any of the preceding claims, wherein the subject is to be treated

with an anti-angiogenic agent.

The method of any of the preceding claims, wherein detecting is accomplished by

near-infrared fluorescence imaging (NIRF).

The method of claim 8, wherein near-infrared fluorescence imaging includes
fluorescence reflectance imaging (FRI) or fluorescence-mediated tomography
(FMT).

The method of claim 7, wherein the anti-angiogenic agent is an inhibitor of VEGF-
A, VEGF-B, VEGF-C, VEGF-D, VEGFR1, VEGFR2 or Angiopoietin.
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The method of claim 10, wherein the inhibitor is an antibody, siRNA or a small

molecule.

A fluorescence labelled anti-CD31 antibody for use in any of the methods defined in

the preceding claims.

A kit for use in any of the methods defined in the preceding claims comprising a
fluorescence labelled anti-CD31 antibody and means for near-infrared fluorescence

imaging to detect said antibody in a subject.

Use of a fluorescence labelled anti-CD31 antibody for the preparation of a

diagnostic composition for in vivo imaging tumor vasculature in a subject.

Use of a fluorescence labelled anti-CD31 antibody for the preparation of a
diagnostic composition for in vivo monitoring the therapeutic efficacy of an anti-

angiogenic agent in a subject.



