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Supplementary Tables

Supplementary Table 1 — Mean and maximum distance (um) to nearest vessel in normal tissue

Skin — mice

Skin — mice

Bone marrow

Bone marrow

breathing air breathing 100% smgle'v'essel endqsteal
oxygen cavities regions
Mean 24.7 uym 24.2 ym 13.5 um 11.2 um
Max 83.9 um 83.9 um 58.4 ym 45.8 ym

Supplementary Table 2 - Mean and maximum distance (um) to nearest vessel in tumors

us7 LS174T MCalV E0771
Mean 39.6 um 494 ym 53.3 ym 50.6 ym
Max 61.6 ym 232 ym 300 ym 412 uym

Supplementary Table 3 — High-dose DC101 MCalV Day 0 — Day 2 — Day 5 response trajectory of

extravascular oxygenation linear multiple regression analysis parameters

Variable Estimate p-value
Intercept 28.26 <0.0001
Day -2.800 <0.0001
Treatment -0.2698 0.8304
0.9312 0.0241

Day xtreatment




Supplementary Table 4 — Low-dose DC101 E0771 Day 0 — Day 2 response trajectory of

intravascular oxygenation linear multiple regression analysis parameters

Variable Estimate p-value
Intercept 38.49 <0.0001
Day -4.064 0.0477
Treatment -5.054 0.1445
Day xtreatment | 7,779 0.0012

Supplementary Table 5 — Low-dose DC101 E0771 Day 0 — Day 2 response trajectory of

extravascular oxygenation linear multiple regression analysis parameters

Variable Estimate p-value
Intercept 21.48 <0.0001
Day -1.853 0.0049
Treatment -11.20 0.0070
Dayxtreatment | 3 850 0.0002

Supplementary Table 6 — Losartan E0771 Day 2 — Day 5 response trajectory of extravascular

oxygenation linear multiple regression analysis parameters

Variable Estimate p-value
Intercept 21.48 <0.0001
Day -1.853 0.0049
Treatment -11.20 0.0070
Dayxtreatment | 3 850 0.0002




Supplementary Figures
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Supplementary Figure 1 — Quantum dots do not affect system calibration. (a) Diagram of the
recirculating, sealed calibration system employing a fiber oxygenator indicating the direction of
fluid and gas flow. An independent pO, measurement is made with an optical fiber ruthenium-

based probe. (b) Lifetime of phosphorescence as a function of oxygen concentration in the albumin

solution (black dots) and with quantum dots (QDs) added (red dots).
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Supplementary Figure 2 —Reproducibility and variability as a function of oxygen tension. (a) A
graph of repeated phosphorescence lifetime measurements in vitro at 11 mmHg (green) and 77
mmHg (red) oxygen tension. (b) A graph of the standard error of in vivo oxygen tension
measurements as a function of oxygen tension. The dashed line depicts the correlation with a

Pearson’s correlation coefficient of 0.41.



A.

.I pO2 Measurement I.Bone . Blood Vessels

B D.
i.
80 200|
E
=
5
—_ 60 - =
H o 8
c 3 o
2 3 0
73 40 g Position [pm]
& = —
20 40 60 80
pO, [mmHg]
20

Position [um]

Supplementary Figure 3 — Measurement of pO, in murine bone marrow. (a) Map of vessels (red)
and locations of oxygen measurements (indentions in green area) in the calvarial bone marrow in a
cavity with multiple vessels. (b) Three maps of oxygen measurements in the region shown in (a) at
different z depths (i, ii and iii). (c) Map of a vessel (red) and locations of oxygen measurements
(indentions in green area) in the calvarial bone marrow in a cavity with a single endosteal vessel. (d)

Three maps of oxygen measurements in the region shown in (c) at different z depths (j, ii and iii).
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Supplementary Figure 4 — Bone marrow vessels are hyperpermeable to albumin. (a) Representative
image of the bone marrow after injection of rhodamine albumin (TAMRA-BSA - red) in an Actb-
GFP mouse (bone marrow cells are shown in green, and the bone in blue — by second harmonic
generation) using intravital multi- photon microscopy. (b) TAMRA-BSA intensity heat map showing
extravasation of albumin over time, which is detectable within 15 and 30 minutes after i.v. injection.
(c) Analysis of effective vessel permeability. Vessels are segmented and perpendicular gradient
paths are randomly selected in 3-D. BSA accumulation is quantified along each path and effective
permeability calculated from the fluorescent gradient. (d) Histogram of effective permeability

quantified along spots along the vessel wall surface.



Supplementary Figure 5 — Tumor vessels are abnormal. (a) Angiographic depth projection of the
vasculature in the normal mammary fat pad (MFP) of a female SCID mouse. (b) Angiographic depth

projection of the vasculature in a murine mammary carcinoma (EO771) implanted in the MFP. Color

denotes depth (green red white). Scale Bars 500 pm.



LS174T

Supplementary Figure 6 — Comparison of a LS174T tumor vascular network at the first imaging of

the tumor (fop) and nine days later (bottom). Images are presented as colorized depth projections

(superficial to deep: green red white). Scale Bars 500 pm.
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Supplementary Figure 7 — Simultaneous angiography and oxygen tension measurements reveal

abnormal function of tumor vessels and the dependence of oxygen tension on distance to the nearest

vessel. (a) Table of Pearson correlation coefficients and the p-value of the correlation of oxygen

tension and nearest vessel diameter. (b) Scatter plot of measured oxygen tension versus the distance

to the nearest vessel in MCalV tumors. The maximum and mean distances to the nearest vessel and

the standard error of the means are displayed in the graph. (c) Scatter plot of measured oxygen

tension versus the distance to the nearest vessel in E0771 tumors. The maximum and mean distances

to the nearest vessel and the standard error of the means are displayed in the graph. (d) Table of

Pearson correlation coefficients and the p-value of the correlation of oxygen tension and distance to

the nearest vessel.
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Supplementary Figure 8 — Angiogenesis during tumor growth. The vasculature of an LS174T
colorectal adenocarcinoma xenograft is shown over 9 days. Increased angiogenesis is notable

throughout tumor growth. Tumor vasculature is presented as a colorized maximum intensity depth

projection (superficial to deep: green red white). Scale Bars 500 pm.
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Supplementary Figure 9 — Depth gradients in pO2 during LS174T tumor growth. Oxygen tension

maps at 60 and 240 pm in the tumor on the first day of imaging and nine days later. Vascular casts

from either 60 or 240 pm depths from the angiographic imaging overlay the oxygen heat maps.
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Supplementary Figure 10 — Bar graph indicating the perfused microvessel density of E0771 control

IgG and high-dose DC101 treated tumors. Control and treated tumors at each timepoint were

compared using Student’s t-test, with an asterisk (*) denoting a p-value less than 0.05. Error bars

represent standard error of the mean. N = 5 mice per group.
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Supplementary Figure 11 — Histogram of E0771 tumor vessel diameters in high-dose DC101-treated

mice at baseline (white bars) and at Day 5 (blue bars).
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Supplementary Figure 12 — Histogram of E0771 tumor vessel diameters in control IgG-treated mice

from the high-dose DC101-treated experiment at baseline (white bars) and at Day 5 (red bars).
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Supplementary Figure 13 — Distribution of vessel sizes in a representative breast cancer patient

treated with bevacizumab. Patient selected from a previously reported study (1).

17



2000

Baseline
B Day5

» 1500

Q

()]

w

Q

>

© 1000

)

0

£

- |

Z 500

0 } . = ﬂdddm:.c-:-——_,_

0 25 5 75 10 125 15 175 20 225 25 275 30 325 35 375 40 425 45 475 S0

Diameter [microns]

Supplementary Figure 14 — Histogram of vessel diameters in losartan treated mice bearing E0771

tumors at baseline and at Day 5.
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Supplementary Methods

Real time intravital microscopy in the intact bone marrow allows characterization of vessel structure
and function. Because previous PQM measurements were based on the infusion of nano-constructs
into the bone marrow (2), we first characterized the transvascular transport of these macromolecules
within the bone marrow. Analysis of the structure of the bone marrow vasculature showed the
presence of a characteristic sinusoidal capillary network. Direct quantification of the extravasation
rate of macromolecules in these vessels revealed a significant extravasation of macromolecules as
high as MW 500 kDa. To quantify the rate of extravasation of macromolecules, we performed
intravital multiphoton microscopy of the bone marrow before and at several time points after
injection of TAMRA-BSA. We quantified vascular permeability at multiple positions along the vessel
wall surface using a method previously developed by our group (3). BSA extravasated within few
minutes and accumulated in the bone marrow (Supplementary Figure 2). Median permeability was
7.6 [25 percentile = 4.6, 75 percentile = 13.1] x107 cm/s. These high values are comparable to the
permeability previously measured in tumor vessels (4-11) and in bone marrow sinusoids (12-14) and

are substantially higher than vascular permeability measured in normal skin or brain.

Supplementary Discussion

MCalV has small vessels surrounded by ~100 pm cancer cell sleeves interspersed with necrotic
regions. The oxygen consumption by cancer cells around small vessels results in low interstitial
oxygen around small vessels. In contrast, there are also some large vessels in the tumor periphery
(11) and others with a 20 um region of stroma separating the vessel and cancer cells (15). These

narrow regions of stroma surrounding large vessels may have less oxygen consumption resulting in
relatively high interstitial oxygen levels. This is a potential explanation for the correlation of vessel

radius and interstitial oxygenation observed in MCalV that is not characteristic of most tumors.
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