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1. Legends to Supplementary Videos

Supplementary Video S1

Digital 3D-reconstruction of the cortical and tumor vessel beds in an intracerebrally xenografted
human Gli36 tumor constitutively expressing UnaG imaged by light sheet fluorescence microscopy
(LSFM). Following intravenous (i.v.) injection of fluorophore-labelled PECAM-1 antibody® for
visualization of the cerebral and intratumoral vasculature (white), the tissue was dissected and fixed.
Subsequently, the specimen was optically cleared and UnaG-fluorescence lost due to protein
denaturation. After imaging by LSFM, visualization and 3D reconstruction of the volumetric microscopy

data was performed using the open-source volume visualization library Voreen?.
Supplementary Video S2

Intracranially xenografted HRE-dUnaG-3ALFA expressing Gli36 tumor cells reveal intratumoral hypoxia.
To contrast cerebral and tumor vasculature, PECAM-1 antibodies® (white) were i.v. injected before
sacrificing the animal. After permeabilization and delipidation in CUBIC-L3, hypoxia-sensor expression
was visualized by wholemount immunostaining with ALFA-tag* specific nanobodies (red) followed by
optical clearing and LSFM. The open source framework Voreen? was utilized for visualization and 3D-

reconstruction of the volumetric LSFM dataset.
Supplementary Video S3

Excellent colocalization of HRE-dUnaG-3ALFA-based (red) and pimonidazole-based (cyan) hypoxia
signals in a xenograft tumor validated the tumor hypoxia indicated by dUnaG-3ALFA. 21 days after
xenotransplantation, pimonidazole and PECAM-1 antibodies® were i.v. injected in BVZ-treated animals
before preparation of the tumor-bearing hemispheres. After fixation and permeabilization, dUnaG-
3ALFA and pimonidazole-adducts were immunostained by ATTO-labelled a-ALFA nanobodies (red) or
a-pimonidazole antibodies (cyan) respectively, prior to optical clearing, LSFM imaging and

3D-reconstruction.
Supplementary Video S4

Digital 3D-reconstruction of the predicted vessel segmentation (white) and HRE-dUnaG-3ALFA
fluorescence signal (red) of a vehicle-treated (PBS) Gli36 tumor. Despite considerable differences in
morphology between tumoral and cranial vasculature, the vessel segmentation accurately reflects the
vascular topology. In the second half of the video, the tumor volume is highlighted in blue and red,
indicating regions assigned to either normoxic (red) or hypoxic (blue) oxygenation clusters, based on
dUnaG-3ALFA expression levels. The threshold was calculated following the herein established

method. Rendering and visualization was obtained using Voreen?.



2. Supplementary Figures

Figure S1
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sensor constructs were comprised of the UnaG> cDNA, followed by three copies of the ALFA-tag*

(3XALFA) and a PEST-degradation motif®. Expression is either controlled by (a) a constitutive
cytomegalovirus (CMV)-promoter or (b) by five hypoxia-responsive elements (HRE) fused to a minimal
CMV (mCMV)-promoter’ (hypoxia-inducible sensor).Transiently transfected Gli36 cells, were either
incubated with ATTO 542-labelled a-ALFA nanobodies (NanoTag Biotechnologies GmbH, Gottingen,
GER) (columns 1 — 3) or remained unstained (column 4). UnaG-based sensor expression was readily
detected via the ALFA-epitope tag” (red) present in (a) CMV-dUnaG-3ALFA and (b) HRE-dUnaG-3ALFA
(subsequent to hypoxia-incubation at 1% 0,), where the ATTO 542 signal co-localized with UnaG
endogenous fluorescence (green). No signal was detected in the ATTO 542-specific channel within
unstained controls or the negative control (column 5; CMV-UnaG: UnaG cassette contains no ALFA-

tags). PH: phase contrast, scale bars: 50 um



Figure S2
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Staining of the entire volume of xenografted Gli36 tumors by a-ALFA nanobodies. Gli36 cells stably
transfected with CMV-dUnaG3ALFA were intracranially xenotransplanted and tumors allowed to
develop. After 21 days, animals were injected fluorophore-labelled PECAM-1 antibody! and
subsequently sacrificed. Brains were dissected and wholemount immunostained with ATTO 542-
labelled a-ALFA nanobodies (NanoTag Biotechnologies GmbH, Gottingen, GER). (a) In cryosections, the
green fluorescence of UnaG and the ATTO 542 signal of the ALFA-tag (red) co-localized (laser scanning
confocal microscopy; PECAM-1: white; scale bars: 300 um). (b) Penetration efficiency of the ALFA-
targetting nanobodies (red) was further assessed in 1 mm thick vibratome sections, which were
optically cleared after immunostaining to allow visualization by light sheet fluorescence microscopy

(PECAM-1: white).



Figure S3
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Correlation of a-PECAM-1 immunofluorescence staining in an optically cleared tumor volume imaged
by LSFM and hematoxylin/eosin (H&E) staining of thin sections derived from the same sample after
paraffin embedding. The pattern of large vessels was used for spatial correlation of both data sets

(scale bars: 200 um).



Figure S4
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Work-flow of transplantation and sample processing for analysis of the vascular network and hypoxia
status in glioblastoma xenotumors using LSFM. Gli36 cells (5 x 10%) stably transfected with the hypoxia-
sensor plasmid HRE-dUnaG-3ALFA were orthotopically, intracranially xenotransplanted into SCID-mice
and tumors allowed to grow for 21 days. Subsequently to i.v. injection of fluorophore-labelled PECAM-
1 antibodies’ to contrast the vasculature, mice were perfused with isotonic saline solution followed by
4% paraformaldehyde (PFA)/PBS under deep anesthesia. After dissection of the brain, samples were
processed into smaller tissue volumes, without affecting the tumor integrity and transferred into the
hydrophilic CUBIC-L reagent® for permeabilization and delipidation. Prior to wholemount staining to
detect hypoxia-induced dUnaG-3ALFA expression using ATTO 542-labelled o-ALFA nanobodies
(NanoTag Biotechnologies GmbH, Gottingen, GER), unspecific epitopes were blocked using PermBlock
buffer. Samples were extensively washed before proceeding with tissue dehydration and optical

clearing in BABB in preparation for LSFM.



Figure S5

Subtraction of autofluorescent signals, shown for the PECAM-1 signal. (a) We used the green channel
(525/50 nm) to detect autofluorescence. Regional peaks were detected as signal intensities exceeding
the local, neighbourhood-based average intensity by a parameterized margin. To compensate for
different absolute intensity regimes, both, autofluorescence and target signal, were normalized before
subtraction. (b) Before subtraction, the PECAM-1 signal is overpowered by autofluorescence. (c) After
subtraction, vascular structure within the highly autofluorescent region was restored. Scale bars: 80

um.



Figure S6

Vessel segmentation results on training data and unseen volumes. (a) Excerpt of a z-slice of PECAM-1
signal from a BVZ-treated volume used for model training. (b) The predicted segmentation (magenta),
superimposed on the original signal, indicating good performance on training data. (c) Comparison of
the predicted segmentation (magenta) with the annotated ground truth (cyan), resulting in white
signal when overlapping with the predicted segmentation. (d + e) Analogous to (a + b), segmentation
results are shown for unseen data from a TMZ-treated sample. The segmentation model generalizes
well on smaller and bigger vessels for a wide range of the overall signal intensities, even on unseen
data. Vascular topology is well preserved, even though some of the smaller vessels are
underestimated. (f) A direct volumetric rendering of the predicted segmentation of the whole TMZ-

treated sample highlights the complex topology of the vessel network. Scale bars: 50 um.



Figure S7
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LSFM visualization of intracranial tumor hypoxia and vasculature after various treatment regimens.
SCID-mice were intracranially, orthotopically xenotransplanted with human Gli36 cells stably
expressing the hypoxia-responsive sensor dUnaG-3ALFA. The different treatment regimens were
started 5 or 12 days after inoculation, respectively as follows: systemic monotherapies with (a)
temozolomide (TMZ), (b) bevacizumab (BVZ), (c) low-dosed cilengitide (Id CIL) or (d) high-dosed
cilengitide (hd CIL) and combination therapies with (e) BVZ + TMZ, (f) Id CIL + TMZ, (g) hd CIL + TMZ.
Tumors were prepared 21 days after cell injection for LSFM and the cerebral and tumor vasculature
(PECAM-1: white) as well as intratumoral hypoxia-sensor expression (UnaG-3ALFA, red) were

visualized in 3D volumetric reconstructions.
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LSFM visualization of tumor hypoxia and vasculature in an orthotopic xenograft model of glioblastoma.
Hypoxia and vasculature were visualized in tumors from vehicle-treated SCID-mice. After intracranial
xenotransplantation of Gli36 cells stably expressing the hypoxia-responsive reporter protein dUnaG-
3ALFA, mice were intraperitoneally injected with the vehicles (a) PBS + DMSO or (b) PBS, starting on
day 5 after tumor cell injection. 3D visualizations revealed the vascular network (PECAM-1: white) and

the hypoxic intratumoral regions (UnaG-3ALFA: red).



Figure S9
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Evaluation of the vascular structure in normoxic and hypoxic tumor volumes. The vascular features (a)
average radius, (b) vessel volume, (c) minimal and (d) maximal radius, (e) curveness and (f) vessel
length were extracted from volumetric datasets of adjacent parenchyma and intratumoral
oxygenation clusters (hypoxic and normoxic regions) after applying the indicated systemic therapies.
(a - d) Specifically the vessel radius and volume showed a distinctive correlation of vessel morphology
and oxygenation status within the intratumoral oxygenation clusters. Particularly large vessels were
present in hypoxic tumor volumes of the vehicle controls (PBS + DMSO) and the low-dosed or high
dosed ClL-treated tumors when compared to other treatment groups. Although vascular modulation
towards smaller vessels was observed in TMZ-treated mice and after combination therapy (BVZ / Id
CIL + TMZ), vascular normalization did not seem to promote vascular perfusion and hence oxygenation
as indicated by continued hypoxia-reporter expression, suggestive of hypoxic tumor clusters. (e) Vessel
curveness appeared refractory to the different therapies, while we detected minor reductions in (f)
vessel lengths for the TMZ, BVZ, BVZ + TMZ, Id CIL + TMZ and hd CIL + TMZ treatment groups. However,
this feature strongly correlated with the overall reduction of the tumor volume and therefore was
likely no consequence of their vascular modulating effect. Frequencies were represented and weighed
in % in terms of (i.t.0.) total lumen. Number of animals: TMZ: n =5, BVZ: n =5, Id CIL: n = 4, hd CIL: n=
3,BVZ+TMZ:n=5,IdCIL+ TMZ:n=5,hd CIL+ TMZ: n=5,PBS+ DMSO:n=6



3. Supplementary Tables

Supplementary Table S1

Statistical analysis of the distributions of the extracted vascular features between the resulting clusters
of each treatment group. Application of the Kolmogorov-Smirnov test revealed significant changes
between all clusters (healthy brain parenchyma, normoxic and hypoxic tumor regions) of all treatment
groups for average cross section area, minimal, average and maximum radius (green). Few non-
significant clusters were detected when comparing vessel length, curveness and volume (red). P values
were calculated with 64-bit precision (p > 0.05, not significant (red); *p < 0.05; **p < 0.01 (yellow);
***p < 0.001 (green). Number of animals: PBS: n = 4, PBS + DMSO: n =6, Id CIL: n = 4, hd CIL: n= 3,
TMZ:n=5,BVZ:n=5,IdCIL+ TMZ:n=5,hd CIL+ TMZ: n=5,BVZ+TMZ: n=5

Treatment Cluster a Cluster b Length Curveness Volume Ave . minRadius avgRadius maxRadius
group CrossSection
PBS healthy normoxic
PBS healthy hypoxic
PBS normoxic hypoxic
PBS + DMSO healthy normoxic
PBS + DMSO healthy hypoxic
PBS + DMSO normoxic hypoxic
T™Z healthy normoxic
™Z healthy hypoxic 0,002387869
T™Z normoxic hypoxic
BvVzZ healthy normoxic
BVZ healthy hypoxic 0,001417393
BvVZ normoxic hypoxic
Id CIL healthy normoxic
Id CIL healthy hypoxic
Id CIL normoxic hypoxic
hd CIL healthy normoxic
hd CIL healthy hypoxic
hd CIL normoxic hypoxic
BVZ + TMZ healthy normoxic
BVZ + TMZ healthy hypoxic
BVZ + TMZ normoxic hypoxic
Id CIL + TMZ healthy normoxic
Id CIL + TMZ healthy hypoxic
Id CIL + TMZ normoxic hypoxic
hd CIL + TMZ healthy normoxic
hd CIL + TMZ healthy hypoxic
hd CIL + TMZ normoxic hypoxic
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