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1. Fluorescence intensity

The fluorescence emission spectrum of Dil-labeled PFOB nanodroplets at various
dilutions was measured by fluoremetry (Figure S1). Using an excitation wavelength of
549 nm, the emission peak was 565 nm. Since this emission peak is very close to the
excitation wavelength and would impact the organ-based fluorescence analysis using
the Maestro hyperspectral fluorescence system, instead of measuring fluorescence at
565 nm, the secondary peak at 610 nm was used for quantitative measurement (Figure
S1).
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Figure S1. The fluorescence emission spectra of the Dil labeled PFOB nanoemulsion
dilutions. The primary emission peak was 565 nm and the secondary emission peak
was 610 nm (arrow).

2. ['8F]FAZA PET imaging

To evaluate the reoxygenation effect derived from PFOB nanodroplets accumulated in
tumors, ['®F]JFAZA PET imaging was used. Approximately 30 days post-inoculation
with tumor cells, the PFOB nanodroplets were administrated into mice 24 hours before
the ['®F]FAZA injection, while carbogen breathing was initiated 2 hours before the
['8FJFAZA injection. The PET images was obtained 2 hours after the ['3F]JFAZA
injection (Figure S2).

The coronal, sagittal, and axial segmented images of the tumor from a representative
animal of each group is shown in Figure S3.
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Figure S2. Schematic timeline of the in vivo experiment, using PET imaging with
['8F]FAZA to evaluate the reoxygenation effect of PFOB nanodroplets.
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Figure S3. The coronal, sagittal, and axial segmented images of a central tumor slice
from a representative animal from each group.

3. Simulation

The simulation of oxygen diffusion from the blood vessel into the tissue bed was carried
out on the COMSOL Multiphysics 2-D model representing the cross-section of both the
blood vessel and its surrounding tissue. The simulation was based on the Fick’s laws of
diffusion. By balancing the oxygen consumption in the tissue and the oxygen supply
from the vessel, the model determines the distance that oxygen can diffuse before its
concentration falls below the threshold of hypoxia. To counteract the hypoxia derived
from the abnormal large intercapillary distance (ICD) in the tumor, reoxygenation
typically increases the diffusion distance of oxygen from the blood vessel before it falls
below the threshold. Several assumptions were made in this simulation. First, the tissue
oxygen solubility and diffusivity were assumed to be uniform in the tissue. Second, the
axial oxygen diffusion in both tissue and blood vessel was assumed to be negligible
(i.e., only the diffusion and consumption of oxygen in the radial direction were
considered). Third, only one blood vessel was simulated after reaching equilibrium.

A summary of tissue parameters used in the analysis is shown in Supplementary Table
S1. Diffusion efficiency (i.e., the diffusivity of oxygen) in tissue, Dr, is highly
dependent on the types of tissue. A value close to that in water (Dt=2x10" m?/s) was
used in this study [1-4]. Henry’s constant in both plasma and tissue (H and Ht) were
set as 0.75 mmHg/uM [5]. The radius of the capillary in tumor tissue varies between 5
to 10 um, so here was set at 7 um [3,6,7].



In the simulation, the oxygen consumption rate is calculated to obey a rectangular
hyperbolic relationship, similar in form to M-M kinetics. This model has been shown
to be a good approximation of various tissues, including tumor tissue. The consumption
rate is obtained by:
= Lnax " Pr

Pr + K,
where Pt is the oxygen partial tension of tissue, ['max is the maximum consumption rate
and Ky, is the Pt level where I is half I'max. Literature indicates that the constant Ky, is
quite low for oxygen compared with typical oxygen partial tension. Here, I is set as a
constant of 15 mmHg/s, corresponding to 20 pM/s [8,9].

Table S1. Numerical values for the physical parameters in the Krogh model.

Parameter Value Unit
Capillary radius (ro) 7 pum [3,6,7]
Diffusivity of oxygen in tissue (Dr) 2x107° m?/s [1-4]
Diffusivity of oxygen in PFC (Dprc) 5.6x10” m?/s [6,10]
Henry’s constant of oxygen in tissue (Hr) 0.75 mmHg/uM [5]
Henry’s constant of oxygen in PPFC (Hprc) 0.04 mmHg/uM [5,11]
Oxygen consumption rate of tissue (I') 20 uM/s [8,9]

In normoxic tissue, the inlet oxygen partial tension is set at 75 mmHg [12]. The
normoxic region was shown as the area inside the red circle (Figure Sla). During
carbogen breathing, the oxygen partial tension in the lung increases 4 to 5 times, but
the oxygen partial tension in blood vessels significantly drops from arteries to the
arterioles and capillaries before it reaches the tumor [13,14]. Thus, in this simulation, a
two-fold increase of oxygen partial tension was applied. Based on the simulation, the
increased oxygen partial tension from the blood vessel significantly enlarge the
normoxic region (the area inside the yellow circle) compared with the control (Figure
S2b).

In the PFC nanodroplet case, the PFC nanodroplets accumulated in tumor tissue serve
to dynamically balance their oxygen partial tension with the surrounding tissue because
of its high oxygen solubility and diffusivity, while continually diffusing oxygen into the
surrounding solid tumor. The intratumoral distribution of nanoscale agents is difficult
to predict. It is governed by parameters such as agent size, surface charge, and its
interaction with the tumoral extracellular matrix (ECM) where the collagen density in
solid tumor tissue is negatively correlated to the diffusion of most nanoscale agent
[15,16]. In the case of PFC emulsions aggregated around the blood vessel, the clustered
nanodroplets balance its oxygen partial tension with the blood vessel immediately due
to its high oxygen solubility and diffusivity and shortens the diffusion distance.
However, aggregated PFC nanodroplets do not efficiently enlarge the normoxic region.



For example, a 20 micron-size aggregate of PFC nanodroplets only expands the
normoxic region 32 microns in that direction (Figure S1c).

In the case of PFC emulsions evenly distributed in the tumor tissue, the presence of
PFC nanodroplets increased the tumor’s oxygen permeability. According to the parallel
model, the apparent oxygen solubility of the mixture follows:
Aapp =@-aprct+(1—¢)-a

where a, aprc, and aqpp represent the oxygen solubility in tissue, the oxygen solubility
in PFC, and the apparent solubility of the mixture, respectively [17]. Typically, the
solubility is the reciprocal of Henry’s constant. In this equation, ¢ represents the volume
ratio of PFC.

In addition, the apparent diffusivity (Dgpp) of the mixture can also be determined by:
Dapp =@ Dppc+(1—¢)-D
where Dprc represent the oxygen diffusivity in PFC (5.6x10° m?/s) [6,10].

The simulation shows that the evenly distributed PFC nanodroplets expand the
normoxic region in all direction. The size of the enlarged normoxic region became
comparable to carbogen breathing when the amount of PFC reached 8% v/v of the
whole tumor (Figure S1d). In reality, the distribution PFC nanodroplets in the tumor
will likely be neither fully aggregated around vessels nor totally evenly distributed
throughout the tumor. Furthermore, the percentage of the total injected dose that is
expected to reach the tumor in preclinical models is below 10% even the EPR targeting
is applied [18], suggesting that this model requires substantially more nanodroplet
accumulation than is realistically feasible to match the expected oxygenation effect due
to carbogen breathing.
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Figure S4. Simulations of oxygen diffusion from blood vessels (white circles in the
center of each frame) into the surrounding tissue. The oxygen concentration (in mol/m?)
surrounding the blood vessel is shown using a color scale. (a) Simulation of normoxia
with 75 mmHg oxygen partial tension from the blood vessel. The tissue outside the red
circle represents oxygen partial tension below 10 mmHg and thus represents the
hypoxic region, while the tissue inside the circle represents the normoxic region. (b)
Carbogen breathing raises the oxygen partial tension up to 150 mmHg and expands the
normoxic region (yellow circle). (¢) PFC nanodroplets accumulated as cluster surround
the blood vessel is shown in grey. The asymmetric aggregation of the PFC nanodroplets
leads to an asymmetric region of normoxia (as outlined in yellow circle). (d) PFC
nanodroplets evenly distributed in the tissue surrounding the blood vessel (here,
representing 8% v/v of the total tumor volume) leads to an increased normoxic region
(as in yellow circle).
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