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Abstract

In vivo optical imaging with near-infrared (NIR) probes is an established method of diagnostics in
preclinical and clinical studies. However, the specificities of these probes are difficult to validate
ex vivo due to the lack of NIR flow cytometry. To address this limitation, we modified a flow
cytometer to include an additional NIR channel using a 752 nm laser line. The flow cytometry
system was tested using NIR microspheres and cell lines labeled with a combination of visible
range and NIR fluorescent dyes. The approach was verified in vivo in mice evaluated for immune
response in lungs after intratracheal delivery of the NIR contrast agent. Flow cytometry of cells
obtained from the lung bronchoalveolar lavage demonstrated that the NIR dye was taken up by
pulmonary macrophages as early as four-hours post-injection. This combination of optical imaging
with NIR flow cytometry extends the capability of imaging and enables complementation of in
vivo imaging with cell-specific studies.
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Introduction

Clinical and preclinical diagnostics based on optical molecular imaging requires use of
contrast agents in the near-infrared (NIR) spectral range (700-900 nm) (1,2). Due to low
absorbance, attenuated scattering, and minimal autofluorescence, relatively large depth
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penetration of NIR photons (up to several centimeters) can be achieved (3,4). In particular,
planar reflectance imaging in living animals enables high throughput and longitudinal
detection of fluorescent reporter distribution in organs and tissues (5). However, due to the
highly heterogeneous nature of biological tissues, cell-specific accumulation of the contrast
agent can be difficult to assess in living organisms.. Specificity is currently semi-
quantitatively measured via fluorescence intensity in the 2-dimensional region of interest in
live animals, requiring excision of organ tissues for gross biodistribution analysis (6).
Following excision, NIR fluorescence microscopy of thin tissue sections and isolated cells is
conducted to determine the localization of the signal in the targeted tissue and verify the
uptake of the probe by cells of interest. These microscopy techniques do not provide detailed
cellular information, since the population of cells studied by microscopy is generally low
and obscured by the resolution provided by the methodology. More reliable and cell-specific
information could be provided by flow cytometry operated in the same NIR spectral channel
as optical imaging. This information would allow multi-parametric, simultaneous analysis of
thousands of cells to determine cell morphology, cell distribution, antigen expression, and
many other physical, chemical, and biological characteristics.

Realizing the importance of NIR flow cytometry, a few descriptions of NIR measurements
with NIR-labeled cells have been published (7-9). The methaods either utilized tandem
probes (9,10) allowing excitation with a standard red laser using unmodified flow cytometers
or explored alternative detectors such as CCD cameras with holographic grating (7) and
avalanche photodiodes (8). None of these approaches allow the use of commercial flow
cytometers for NIR probe excitation. To address this problem, we have modified the light
source of a commonly used flow cytometry system to include a 752 nm laser line from a
krypton laser and corresponding NIR compatible optics. NIR fluorescence detection of this
modified flow cytometry system was then tested with NIR fluorescent polystyrene
microspheres and was further validated on several cell lines labeled with both visible and
NIR fluorophores. Following instrument validation, a strategy that included in vivo optical
imaging and flow cytometry was performed to investigate the uptake and track the fate of the
contrast agent in lungs during clearance. The approach is outlined in Figure 1. The NIR
contrast agent selected from the cell studies showed strong uptake by macrophages was
administered intratracheally to the lungs of mice. The contrast agent's biodistribution was
monitored in vivo by NIR imaging longitudinally. During this process, the cells from lungs
were sampled using bronchoalveolar lavage and stained with the macrophage specific
antibodies labeled with a fluorophore emitting in the red channel. Finally, flow cytometry in
NIR and red channels was performed to demonstrate the uptake of the contrast probe by
immune cells.

EXPERIMENTAL DATA

Materials

Polybead® Amino 6.0 micron microspheres in water were obtained from Polyscience, Inc
(cat. #19118). LS601-NHS ester was prepared as previously described (11), cypate was
synthesized as reported (4). 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride
(EDC) was obtained from Sigma-Aldrich. Lysotracker Red was purchased from Life
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Technologies. Ultrapure water (18.2 MQ-cm, Millipore) was used in this work for synthesis
and buffer preparations. Solvents were obtained from ThermoFisher Scientific. Absorption
spectra were recorded using UV-Vis spectrophotometer Beckman Coulter DU-640. Steady
state fluorescence spectra were recorded on a Nanolog spectrofluorometer (Horiba Jobin
Yvon, Inc.) equipped with an R928 photomultiplier tube (PMT) that is commonly used in
the characterization of NIR contrast agents and nanoparticles (12). The same type of PMT
tube was used in the modified flow cytometer (see below).

Flow cytometer

A MoFlo HTS cell sorter (Beckman Coulter) was equipped with an 1-90C Krypton-ion laser
(Coherent) and modified to detect NIR. This laser has the capability of mirror and coupler
changes to create a 752 nm single wavelength output (optics kit part #0156-459-30,
Coherent). After modifications, the Krypton-ion laser produced 212 mW of single line 752
nm light (see the spectrum in Supporting Information, Figure S1) with a fully open (10/10)
aperture. The wavelength of the laser was measured using a UCB2000+UV-Vis
spectrophotometer (Ocean Optics) with grating sensitivity to NIR (400-1000 nm)

The modified system uses a high energy NIR laser that is not visible to the human eye and
may cause severe burns to skin and the eye. Protective goggles rated for NIR were used in
these studies.

Formation of a TEM-00 beam profile required constraining the laser output to a smaller
aperture (value of 3/10), in turn reducing laser power to 115 mW. Laser power loss through
three translation mirrors was less than 4% cumulative. The greatest loss was incurred by the
beam focusing lens, which accounted for slightly more than 20% loss. Laser power was
serially reduced from its maximum to determine excitation saturation of the NIR dye, which
was 75 mW. Alignment aids included an infrared detection card (part #VRC5, Thorlabs) and
Fluoresbrite Carboxylate alignment monodisperse microspheres 1.75 um (ex. 763 nm, em
820 nm) - (cat #17690-1, Polysciences).

Photomultiplier modules H957-15 with R928 photomultiplier tubes (Hamamatsu Photonics)
were utilized for their known, although limited sensitivity in NIR bandwidth. Given
relatively weak (~ 30% at 800 nm and 10% at 850 nm) and understood variable efficiency
and wavelength response peaks of R928 PMTs, we used a number of H957-15 modules with
R928 PMTs and rotated them into the NIR position until the best response was received.
Filters and other optical elements are discussed in the Results and Discussion section.

Synthesis and characterization of NIR fluorescent beads

A solution containing commercial beads was mixed by vortexing for 20 sec to obtain a
uniform suspension and 30 L of the suspension was placed into a 100 uL Eppendorf tube.
Sodium bicarbonate buffer (40 pL, 0.1M), prepared fresh and kept at 4 °C was added to the
vial. A solution of LS601-NHS in DMSO (molar excess) was added to the vial, followed by
addition of 4.0 eq. of EDC. The vial was wrapped in foil and placed in the multi-tube vortex
mixer (VX-2500, VWR Scientific) at a moderate speed for 3 hours. The solution was
centrifuged at 6000g for 5 min and supernatant was removed. The remaining beads were

Cytometry A. Author manuscript; available in PMC 2016 May 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 4

washed with water three-to-five times, followed by centrifugation at 6000g for 5 min, until
no fluorescence of the liquid was observed.

The dye-free suspension of beads was collected, stored in water and used within a week of
preparation. The size of the beads was measured in water by dynamic light scattering on a
Zetasizer Nano ZS (Malvern). Labeling of the beads with a NIR dye was confirmed by
fluorescence microscopy. For that, a drop of the bead suspension was placed on a glass slide
and viewed under a coverslip using an Olympus BX51 equipped with a Cy7-B-OMF filter
cube (Semrock). Flow cytometry of beads was performed with the modified NIR flow
cytometer described above.

Validation of flow cytometer performance with cell lines

GFP transfected U87 glioblastoma and A427-7 human lung adenocarcinoma cells were
cultured in 6-well plates. Cells were treated overnight with 500 nM Lysotracker red, ex/em
647/688 nm, (Life Technology). For NIR labeling, cells were treated overnight with 1 uM
cypate. Cells were released from plates using trypsin, spun down and resuspended in PBS.
For microscopic analysis, an aliquot of each treatment condition was plated on a Lab-Tek
slide and visualized with an Olympus BX51 epifluorescent microscope using GFP (480/40
ex, 535/50 em), Cy5 (620/60 ex, 700/75 em) and indocyanine green (775/50 ex, 845/855
em) filter cubes.

In vivo studies

In vivo cypate delivery—All animal studies were performed in compliance with
guidelines set forth by the NIH Office of Laboratory Animal Welfare and approved by the
Animal Studies Committee of the Washington University School of Medicine. C57BL/6J
mice, 8-10 weeks of age, were obtained from Jackson Laboratory and housed in a barrier
facility. Mice were anesthetized with intraperitoneal injection of a ketamine (80 mg/kg) and
xylazine (16 mg/kg) prior to neck dissection and cannulation of the trachea with a 22-gauge,
1” plastic angiocatheter. Mouse hair obstructs light transmission and was therefore removed
from the ventral and dorsal skin of the thorax by gentle clipping and application of cream
depilatory. The trachea and lungs were then instilled with 30 uL of 60 uM cypate in 20%
DMSO (v/v in water) by micropipette injection into the catheter at a rate of 10 pL / minute.
Control mice were treated with 20% DMSO in water. The catheter was removed, the wound
closed with tissue adhesive, and the mice allowed to recover.

Optical imaging of mice—Fluorescence imaging of mice was performed using the Pearl
Imager NIR fluorescence imaging system (Li-COR), with excitation at two different
wavelengths, 685 and 785 nm, and corresponding emission collected at 710 and 810 nm,
respectively. Mice were anesthetized using 2% isoflurane at 1 L/min and hair removed over
the thorax by gentle clipping and application of cream depilatory. The right lateral, dorsal,
and ventral aspects of the mice were imaged sequentially using the Pearl NIR imaging
system before IT cypate injection, immediately after, 4 h, and 24 h post-injection. After the
final scan, anesthetized mice were euthanized by cervical dislocation. Quantitative image
analysis of the mice was performed using Pearl Cam Software (Li-COR).
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Bronchoalveolar lavage and lung cell harvest—Four or 24 hours post-delivery of
cypate, the mice were euthanized and the trachea was cannulated with a 20 gauge, 1” plastic
angiocatheter. The lungs were then lavaged three times with 1 mL each of cold phosphate-
buffered saline (PBS). The three aliquots of bronchoalveolar lavage (BAL) were pooled and
kept on ice. The BAL was centrifuged, the supernatant discarded, and the cell pellet
resuspended in 1 mL of PBS for cytocentrifuge preparation for flow cytometry. Following
BAL, whole lung was excised and minced with scissors before digestion via incubation in
RPMI 1640 medium (Cellgro) containing collagenases and proteases (0.28 U/mL Liberase
Blendzymes, (Roche) and DNase (5 U/mL, Sigma-Aldrich) for 1 hour at 37 °C. The
digested lung tissue was then passed through a 70 um cell strainer and treated with ACK
lysing buffer (Lonza) to obtain a red blood cell-free, single cell suspension for cytospin
preparation.

Flow cytometry of cells from lung cell harvest—Handling and immunostaining was
performed as previously described to optimize maintenance of single cell suspension for
flow cytometry (13,14). Cells obtained by BAL were washed twice in flow cytometry buffer
(PBS with 2% fetal bovine serum) and incubated with rat anti-mouse CD16/CD32
antibodies to block Fc receptors (Mouse BD Fc Block, BD Biosciences) for 15 min at room
temperature. The cells were washed and then immunostained for 30 min at room
temperature with rat anti-mouse F4/80 (AbDSerotec) antibody conjugated with
Allophycocyanin (APC) fluorescent dye (abs 650, em 660) to label lung macrophages. Cells
were subsequently kept on ice between two washes with flow cytometry buffer, mixed by
vortex to maintain single cell suspension and analyzed by flow cytometer.

RESULTS AND DISCUSSION

Flow cytometer modification

The largest challenge for detecting NIR signals with commercially available flow
cytometers, even current production, involves optical elements that do not consider laser
wavelengths above 647 nm, and fluorescent emissions above 800 nm. Much of the laser and
emission paths require replacement of components and choosing a light path option with the
least amount of “glass” between the emission source and detection, to reduce emission loss
and refractive chromatic aberration.

A benefit of using a gas-ion laser such as the Coherent I-90C-Krypton is that prismatic
wavelength selection when a “single line holder” is used creates a truly single wavelength
output, and does not require “clean up” filtering that subsequent solid state lasers demand.
Still, we observed the output directly from the laser snout and at the flow cell with a
spectrophotometer to confirm no lower wavelength energy that could potentially interfere
with other parameters, or possible laser wavelength changes from the mirrors and lenses, the
results directly from the laser shown in Figure S1.

MoFlo cell sorters use a laser translation tower comprised of either two or three mirrors to
direct the laser to the height of the flow cell. However, none of the translation mirrors
supplied by the manufacturer reflect a 752 nm laser beam. Existing mirrors were replaced by
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ultra-broadband mirrors (part #MM2-311.12.5, Semrock) with nearly flat reflection across a
350-1100 nm bandwidth, resulting in negligible laser power loss.

A beam shaping optic (BSO) is typically used for the MoFlo systems to display an evenly
distributed elliptical pattern of the laser beam across the cell stream. Having a 752 nm
specific lens set to create an ellipse against the stream would be ideal for the instrument
performance, however, commercial BSO assemblies or components for laser wavelengths
higher than 647 nm are not available. Alternatively we used a focusing lens assembly, which
required attention to the laser beam's working distance and convergence to the cell stream.
Monitoring light scatter pulse width and understanding physical lens stage travel, we did not
allow the beam to diverge before hitting the cell stream.

Legacy MoFlo and MoFlo XDP cell sorters incorporate three laser intercept “pinholes”
spaced 50 um apart. The outer pinholes and respective emission paths are diverted 90
degrees by prisms to save space on the emission breadboard. For the NIR development we
chose the “center” pinhole which allows the emission to travel directly from its origin,
minimizing loss or further chromatic aberration.

This center emission path was originally designed for UV excitation and came “stock” with
a two PMT array schematically shown in Figure 2, this emission circuit matched our need
for simplicity and ability to troubleshoot interference. Our final design used a T770lpxr
dichroic beam-splitter centered at 770 nm, and an HQ820/60 emission filter (Chroma
Technology). The reflective side of the 770 nm dichroic was used to detect any lower
wavelength interference that could affect other parameters. The detectors in the NIR
emission path as well as representative parameters from the two remaining laser intercepts
were measured both through the prevailing pulse processing circuit within the MoFlo and
directly off of the PMT using an oscilloscope.

Testing the NIR flow cytometry with NIR microbeads

Latex microbeads labeled with the NIR dye LS601 (the structure is shown in Supporting
Information, Figure S2, A) were utilized for the initial testing of the system. The dye has an
absorption maximum at 750 nm, corresponding to the laser line of the instrument and
emission maximum at 800 nm (Figure S2, B). Activatable carboxylic groups on the beads
facilitated coupling of LS601 to amines using a standard NHS - EDC technique (11,15-17).
Successful conjugation was verified by fluorescence microscopy that showed fluorescence in
the NIR range (Figure S2, D-F). The beads retained their spherical shape and uniform size
distribution of ca. 5 um as measured by microscopy and a light scattering technique (Figure
S2, C). NIR flow cytometry of beads carrying NIR dyes demonstrated emission signal
consistent with the uniform distribution of the labeled beads and fluorescence signal in the
NIR channel two orders of magnitude higher than that of unstained beads with clear
separation of response against a blank bead reference (Figure 3).

The relatively low flow cytometry signal of the prepared NIR LS601 beads was due to
relatively weak fluorescence. This weak fluorescence is common in beads labeled with NIR
dyes and most likely is due to the self-quenching effect induced by close proximity of the
dye molecules to each other on the particle surface (15). Optimizing synthetic conditions,
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careful control of the dye-to-bead ratio, as well as new dye design with less self-quenching
properties are expected to provide brighter beads.

Flow cytometry performance with NIR labeled cells

The performance of the NIR flow cytometer was next validated with cultured cell lines that
were modified with fluorescent reporters in three different ranges; visible green using eGFP,
visible red using a red dye cell label LysoTracker Red, and NIR using cypate (the structure is
shown in Figure 4, A). The U87/eGFP-expressing brain cancer cells were a mixed
population of eGFP positive and negative cells. These cells and the A427-7 human lung
adenocarcinoma cell lines were each labeled with the LysoTracker Red probe that
accumulates in acidic organelles (18). We used LysoTracker Red (abs/em 577/590 nm) to
assess a potential overlap between the red and NIR channels ensuring that minimum bleed-
through occurs between the channels. LysoTracker Red has an emission tail that extends to
750 nm and which may potentially interfere with the NIR readout.

Microscopy images of eGFP-expressing U87 cells stained with LysoTracker Red
demonstrated two overlapping colors, corresponding to eGFP and LysoTracker Red. Flow
cytometry of these cells revealed the expected populations, eGFP positive and eGFP
negative, and both populations were uniformly labeled with LysoTracker Red (Figure 4, B).
No NIR fluorescence was observed by microscopy or flow cytometry, which is consistent
with the absence of a NIR dye and low bleed-through of the red emission into the NIR
channel.

Cells were then incubated with the NIR dye cypate, a moderately hydrophobic contrast agent
with good cell permeability and low cytotoxicity that has been intensively used for
preclinical imaging of tumors (4,19). Compared to LS601 which was used to label the beads,
cypate absorbance and emission were at longer wavelengths in the NIR spectrum, with an
excitation maximum of 780 nm and emission at 820 nm (Supporting Information, Figure
S3). While not attached to a targeted moiety, cypate usually demonstrates non-specific
accumulation in a variety of cells, including the studied cells. Labeling of cancer cells with
cypate led to the appearance of a strong signal in the NIR channel similar to LS601 (Figure
4,C).

Triple-labeled cells were detected by fluorescence microscopy and flow cytometry (Figure
4, B-D). Overlay of NIR fluorescence signal with eGFP and LysoTracker Red images
visualized by microscopy was largely overlapping with the red fluorescence from
LysoTracker Red, consistent with the non-specific distribution of cypate in the cell
population (Figure 4, B and C). Correspondingly, flow cytometry confirmed the presence of
all three fluorophores. Two populations of eGFP expressing cells (as in the above-mentioned
experiment), both labeled with cypate and LysoTracker Red were seen. Similar to
nontransfected U87 cells, eGFP lacking A427-7 treated with LysoTracker and cypate
showed no GFP-related signal, but featured strong red and NIR signals in both microscopy
and flow cytometry studies (Figure 4, D). Hence, both NIR and red channels showed only
one, double positive population of these cells in flow cytometry experiments.
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Optical imaging of lungs with a NIR dye in vivo
Based on the positive in vitro labeling results, we explored the ability of NIR flow cytometry
to analyze cell populations stained in vivo. We delivered NIR dye to the lungs, taking
advantage of the ability to easily access the lung's airway, and prior success in lung imaging
(20). Optical imaging of lungs has great translational potential (21), driven by the
development of both new optical imaging instrumentation (22,23), and novel classes of
targeted imaging probes (24,25) that report on the molecular status of cells and target tissues
with excellent specificity.

We were interested in the fate of the NIR dye following IT delivery and its capacity to be
taken up by local lung immune cells. We used cypate, as used in vitro, since this dye is often
utilized in preclinical imaging. Within four hours of IT delivery of the dye, NIR fluorescence
remained localized primarily in the lungs (Figure 5, A), though the cellular distribution of
fluorescence could not be ascertained in living animals. Longitudinal imaging of mice
revealed substantially decreased levels of the NIR signal within the thorax over time (<25%
of the initial total emission signal remaining at 22 h) (Figure 5, C). Over time, fluorescent
signal could also be detected in the liver, the normal clearance pathway of cypate that not
retained in the lungs (Figure5, A).

Flow cytometry of the cell population obtained by bronchoalveolar lavage

Based on previous experience we anticipated that cypate molecules would be taken up by
lung parenchymal cells and residential airspace macrophages within 24 hours. To determine
the temporal pattern of lung immune cell uptake, cells were recovered from the lung by
bronchoalveolar lavage of mice and analyzed by flow cytometry and fluorescence
microscopy at 4 and 24 h post-administration. Alveolar macrophages, the major immune
cells present in the alveolar air spaces, were identified using an F4/80 antibody labeled with
APC fluorescent dye. The F4/80 antigen is expressed by a majority of mature alveolar
macrophages and is considered a specific cell-surface marker for murine macrophages in the
lung (26,27). Mice treated with cypate-free diluent showed negligible fluorescence in the
NIR channel, while F4/80-positive cells could be detected in the APC channel (Figure 6, A-
B). At 4 h after IT dye delivery, a strong fluorescent signal in the cypate channel was
detected by flow cytometry in cells recovered by BAL (Figure 6, C). Double positive
staining was observed in cells obtained from cypate-treated mice and stained with F4/80-
APC. This double staining confirmed the nature of the cells with NIR fluorescence as
macrophages.

At 24 h after delivery of cypate, only low levels of fluorescence were detected in the lungs
by in vivo imaging. The low signal was confirmed by flow cytometry showing negligible
signal from cells collected via BAL. These findings were consistent with the rapid clearance
of the cells and dye from lung tissue detected by in vivo imaging in this study. By 48 h post
cypate delivery, recovered cells displayed very low levels of fluorescence as detected by
both in vivo imaging and NIR fluorescence microscopy and therefore, were not analyzed to
flow cytometry. Thus, the 4 hour time point was found to be optimal for cypate dye uptake
in alveolar macrophages, as detected by flow cytometry.
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Taken together, these data show the feasibility of linking in vivo NIR imaging with cell-
specific assays using readily modified standard flow cytometry instrumentation. Here, we
were able to easily correlate clearance of NIR dye as detected by whole animal optical
imaging with in vivo lung cell populations. We demonstrate that a lung-specific signal
detected by cypate delivery can be tracked to resident alveolar macrophages using ex vivo
flow cytometry. One interpretation of our findings is that the in vivo NIR signal in the lung
is the sum of dye in at least two compartments: one in resident alveolar macrophages, and a
second as free or a protein bound dye that rapidly transits to the circulation and the liver. We
have not tracked the fate of the alveolar macrophage and cannot fully account for the loss of
signal at 24 h post-delivery. It is possible that the cypate dye-laden macrophages moved out
of the lungs or that the dye has moved out of the macrophage into the circulation. Recent
studies of resident macrophages in the lung indicate that after latex bead or endotoxin
stimulation, the alveolar macrophages remain in the lung (28,29). Thus it is more likely that
the cypate fluorescence in alveolar macrophages is quenched or destroyed (for example with
reactive oxygen species) or that the dye moves out of the cells, and into the circulation.

In addition to monitoring the fate of contrast agents, this approach can be extended to other
areas that employ NIR imaging in the whole animal including the use of contrast agents in
combination with drug delivery. This strategy affords a simple, yet efficient way of
optimizing the drug delivery system by tracking the therapeutic load optically in vivo and
confirming targeting ex vivo using flow cytometry (30).

We demonstrated that modification of standard flow cytometry instrumentation with a laser
at 752 nm and conventional detectors allows covering a broad class of NIR probes with
excitation maxima form 750 to 780 nm. Using this approach, we, for the first time,
investigated the fate of an optical contrast agent delivered to the lung by the intratracheal
route. Tracing these agents temporally and spatially with optical imaging techniques in vivo
and ex vivo with the developed NIR flow cytometer, revealed that the delivered probes were
taken up by lung macrophages. Thus, the proposed technique forms a bridge between whole-
body optical imaging and cell studies to directly identify targeted cell populations and is
expected to facilitate the development of contrast agents to enhance their specificities,
increase target cell permeability and ultimately to reduce cell and organ toxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Research plan to investigate the uptake of the NIR contrast agents by cells (i.e.
macrophages) using NIR flow cytometry
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Figure 2.
Optical path diagram of the modified NIR flow cytometer that allowed observation of two

emissions above 820 nm from the sample and a potential secondary emissions below 770
nm. H957-15 — a detector module with an R928 PMT, HQ820/60 - a NIR band filter.
HQ740SP - a short pass filter, T770Ipxr -a beam-splitter
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Figure 3.
NIR flow cytometry of unstained and NIR stained beads. The histograms show the number

of cells vs. fluorescence signal in the NIR channel.
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Figure 4.
Flow cytometry of fluorecently labeled cell lines. A: Structure of a NIR dye cypate, B: eGFP

expressing U87 cells (green) treated with Lysotracker Red (blue); no fluorescence in NIR
channel, C: U87 eGFP cells (green) + Lysotracker Red (blue) + cypate (red); D: No eGFP
expressing cells A427-7 cells + Lysotracker Red (blue) + cypate (red); no fluorescence in
eGFP channel.
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Post
Injection
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23h

il 11

24 h

A: Fluorescent dye cypate delivered IT shows retention in the lung area within 24 hours. Red
- NIR fluorescence channel (785/810 nm), green —fluorescence channel (685/710 nm). B:

Region of interest (ROI) C: change of total fluorescent signal with time (ROI, dorsal
position). Fluorescence in the 700 nm region (green) originates from digestion of

chlorophyll-containing food in the stomach and intestines. Fluorescence from chlorophyll-
containing chow is much more intense at about 700 nm than 800 nm and identified the
location of the stomach and intestine relative to the expected signal from the nanoparticles in

the lungs.
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Figure6.
Flow cytometry of bronchoalveolar lavage cells: not treated with cypate (A-B) and 4 hours

after cypate treatment (C-D). Y-axis — NIR channel, X-axis — APC channel
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