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Abstract
Optical imaging is emerging as an important tool to visualize tumors. However, there are many
potential choices among the available fluorophores. Optical imaging probes that emit in the visible
range can image superficial tumors with high quantum yields, however, if deeper imaging is
needed then near infrared (NIR) fluorophores are necessary. Most commercially available NIR
fluorophores are cyanine based and are prone to non-specific binding and relatively limited
photostability. Silica-containing rhodamine (SiR) fluorophores represent a new class of NIR
fluorophores, which permit photoactivation via H-dimer formation as well as demonstrate
improved photostability. This permits higher tumor-to-background ratios (TBRs) to be achieved
over longer periods of time. Here, we compared an avidin conjugated with SiR700 (Av-SiR700) to
similar compounds based on cyanine dyes (Av-Cy5.5 and Av-Alexa Fluor 680) in a mouse tumor
model of ovarian cancer metastasis. We found that the Av-SiR700 probe demonstrated superior
quenching enabling activation after binding-internalization to the target cell. As a result, Av-
SiR700 had higher TBRs compared to Av-Cy5.5, and better biostability compared to Av-Alexa
Fluor 680.
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INTRODUCTION
Target-specific optical imaging probes are promising tools in the molecular imaging of
cancer. Optical imaging probes offer high sensitivity, low cost, portability, and do not entail
exposure to ionizing radiation. However, optical imaging is limited by poor tissue
penetration. The use of fluorophores that absorb and emit in the near infrared (NIR) range
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have less absorption and scatter from tissue, permitting deeper tissue penetration than is
possible with fluorophores based on visible light. Another critical feature of an optical
imaging probe is that it has high tumor-to-background ratios (TBRs). One way to achieve
this is to have extremely high binding affinities for the tumor and rapid excretion of the
unbound compound. Another, more practical approach, is to activate the fluorescence only
upon binding to the target tissue; thus unbound conjugates yield minimal signal while target-
bound conjugates have high signal leading to very high TBR. Optical imaging is unique in
its ability to be activatable as opposed to radionuclide imaging that is “always on” 1, 2. A
number of quenching mechanisms have been implicated in fluorescence activation. One
method is the formation of H-dimers using xanthene based fluorophores, such as rhodamine;
H-dimer formation of these fluorophores leads to efficient quenching 3.

An optical probe must also be able to withstand biodegradation after internalization since
this affects the durability of the signal. Rhodamine core fluorophores generally demonstrate
better photostability and biostability than cyanine-based dyes and have high fluorescence
quantum yield 4.

Thus the optimal imaging probe is one that is highly activatable, yet photostable and,
absorbs and emits light in the NIR. While several cyanine based optical probes are
commercially available, rhodamine based probes are not. Recently, Koide et al. described
silica-containing rhodamine dyes (SiR), with excellent photophysical properties such as an
emission peak at over 650 nm 5. However, the ability of SiR dyes to quench via H-dimer
formation in vitro and in vivo, while maintaining good in vivo photo- and bio-stability has
not been evaluated. Here, we compare conjugates of avidin SiR fluorophore (Av-SiR700)
with two cyanine-based NIR fluorophores conjugates Av-Cy5.5 and Av-Alexa Fluor 680 in
a mouse model of metastatic ovarian cancer during in vivo optical imaging.

EXPERIMENTAL PROCEDURES
Amino-Reactive Near Infrared Fluorophores

Amino-reactive Cy5.5- and AlexaFlour680-succinimidyl esters were purchased from GE
Healthcare, (Piscataway, NJ) and Invitrogen Co. (Carlsbad, CA), respectively. The synthesis
method of SiR700-succinimidyl esters has been published 5, 6. The chemical structures of all
three NIR fluorophores are shown in (Fig 1).

Synthesis of Avidin-Conjugated Near Infrared Fluorophores
Avidin (6 nmol), was purchased from Pierce Biochemical, Inc. (Milwaukee, WI), and was
incubated with amino-reactive NIR fluorophores (Cy5.5 and SiR700; 60 nmol, Alexa680; 40
nmol) in 0.1M phosphate buffer (pH 8.5) at room temperature for 15 min. Each mixture was
purified with a Sephadex G25 column (PD-10; GE Healthcare, Piscataway, NJ). The protein
concentration was determined by measuring the absorption at 280 nm with a UV-Vis system
(8453 Value UV-Visible Value System; Agilent Technologies, Santa Clara, CA). The
concentration of NIR fluorophores was measured by absorption with the UV-Vis system to
confirm the number of fluorophore molecules conjugated to each avidin molecule 7. The
number of fluorophore molecules per all avidin conjugates was ~3.

H-dimer formation and quenching efficiency of Av-Cy5.5, Av-Alexa 680, and SiR700 in vitro
The quenching-dequenching characteristics of each avidin-conjugate were investigated by
treating the conjugates with 5% SDS to disassociate any molecular interaction between
fluorophores. The fluorescence signal intensity of each conjugate was measured with a
fluorescence spectrometer before and after 5% SDS (Perkin-Elmer LS55, Perkin-Elmer,
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Shelton, CT, USA). The absorption spectrum was measured with a UV-Vis system (8453
Value UV-Visible Value System; Agilent Technologies, Santa Clara, CA).

Cell Culture
An established ovarian cancer cell line known to overexpress the β-D-galactose receptor,
SHIN3, was used for in vitro fluorescence microscopy, flow cytometry, and in vivo optical
imaging using a murine intraperitoneal disseminated ovarian cancer model. The cell lines
were grown in RPMI 1640 medium (Gibco, Gaithersburg, MD) containing 10% fetal bovine
serum (FBS) (Gibco), 0.03% L-glutamine at 37°C, 100 units/mL penicillin, and 100 µg/mL
streptomycin in 5% CO2.

Fluorescence Microscopy
SHIN3 cells (1×104) were plated on a cover glass bottom culture well and incubated for 16
h. Then, Av-Cy5.5, Av-Alexa 680, or Av-SiR700 was added to the medium (3 µg/mL) and
the cells were incubated for 4 h. Cells were washed three times with phosphate-buffered
saline (PBS), RPMI 1640 medium was added back to all samples not imaged immediately,
and fluorescence microscopy was performed immediately (T0), 24, 48, or 72 h later using an
Olympus BX61 microscope (Olympus America Inc., Melville, NY) equipped with the
following filters: excitation wavelength 590 to 650 nm, emission wavelength 665 to 740 nm.
Transmitted light differential interference contrast (DIC) images were also acquired.

Flow Cytometry
Flow cytometry was performed to detect the in vitro stability of Av-Cy5.5, Av-Alexa 680,
and Av-SiR700 in SHIN3 cancer cells. SHIN3 cells (1×104) were plated on a 6 well culture
plate and incubated for 16 h. Av-Cy5.5, Av-Alexa 680, or Av-SiR700 was added to the
medium (3 µg/mL) and the cells were incubated for 8 h. Next, the cells were washed three
times with PBS, RPMI 1640 medium was replaced, and cells were trypsinized either
immediately, 24, 48, or 72 h later. Then, flow cytometry was performed. A 635 nm red
diode laser was used for excitation, and fluorescence signal from cells was collected using a
661/16 nm band-pass filter. Cells were analyzed in a FACScan cytometer (Becton
Dickinson, Franklin Lakes, NJ), and all data were analyzed using CellQuest software
(Becton Dickinson). In vitro biostability of each NIR-probe was measured as rate of change
in mean fluorescence intensity (MFI) over time from 0 to 72 h.

Animal Model of Peritoneal Metastases
All procedures were carried out in compliance with the Guide for the Care and Use of
Laboratory Animal Resources (1996), National Research Council, and approved by the
institutional Animal Care and Use Committee. The tumor xenografts were established by
intraperitoneal injection of 4×106 SHIN3 cells suspended in 200 µL of PBS in female nude
mice (National Cancer Institute Animal Production Facility, Frederick, MD). Experiments
with tumor-bearing mice were performed at 14–17 days after injection of the cells.

In Vivo Fluorescence Imaging
25 µg each of Av-Cy5.5, Av-Alexa 680, and Av-SiR700 were diluted in 300 µL PBS and
injected into the peritoneal cavities of tumor bearing mice. Then, 4, 24, or 72 h after
intraperitoneal injection, mice were euthanized with carbon dioxide inhalation. Immediately
afterwards, the abdominal cavities were exposed and the 3 mice, each representing a
different time point, were placed side by side on a nonfluorescent plate to compare
fluorescence intensity for each NIR-probe over time. NIR fluorescence imaging was
performed with the Pearl Imager (LI-COR Biosciences, Lincoln, NE). The instrument is a
light-tight chamber equipped with a cooled charge-coupled device (CCD) camera.
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Illumination was provided by a 685 nm diode laser, and the peak emission band is at 720
nm. Images were acquired and processed using Pearl Cam Software v1.0 (LI-COR
Biosciences).

Determination of Target to Background Ratios for each NIR Probe
NIR fluorescence images of the whole abdominal cavity were obtained as described above.
The TBRs of each NIR probe were determined by placing a region of interest (ROI) over
tumors labeled 4 h after injection of NIR probe and an ROI of equal size over surrounding
normal abdominal tissue of the same animal. ROI total signal intensity for tumors was then
compared with total signal intensity from the ROI of the surrounding tissue. Image
processing was performed with Pearl Cam Software v1.0 (LI-COR Biosciences).

Ex Vivo Fluorescence Imaging For Quantitation
Tumors were removed after in vivo imaging. Tumor explants were placed on a
nonfluorescent plate and NIR imaging was performed and processed.

Semi-Quantitative Analysis of In Vivo Stability of NIR-Probes
NIR fluorescence images of the tumor explants were obtained as described above. The in
vivo stability of each NIR probe was compared using semi-quantitative analysis. Briefly,
ROIs were drawn around each tumor implant, and the average fluorescence intensity was
used to quantify signal for each NIR probe at 4, 24, and 72 h after injection of NIR probe. In
vivo stability of each NIR probe over time was determined by comparing the percent
decrease in the MFI relative to the MFI measured at the 4 h time point.

Statistical Analysis
Comparison of TBR between NIR probe and in vivo stability for each probe over time was
done using one-way ANOVA with Tukey’s multiple comparisons post-test. All statistical
analysis was performed using GraphPad Prism version 4.0c for Macintosh (GraphPad
Software, San Diego CA, www.graphpad.com).

RESULTS
Av-SiR700 demonstrates H-dimer formation and efficient quenching in vitro

The absorbance spectra of Av-Cy5.5, Av-Alexa 680, and Av-SiR700 are displayed in (Fig
2a). A blue shifted absorbance peak representing H-dimer formation was observed for all
three conjugates. The addition of SDS was used to dissociate the H-dimers. Following SDS
addition, the absorption of Av-SiR700 demonstrated an increase in absorption of the
monomer peak and a decrease in the blue shifted H-dimer peak. Alternatively, Av-Cy5.5
and Av-Alexa 680 demonstrated decreases in the H-dimer peak after the addition of SDS,
however, there were small changes in the absorbance of the monomer peak. The amount of
H-dimer formation was determined by the change in absorption of the H-dimer absorption
peak relative to the monomer peak for both Av-Cy5.5, Av-Alexa 680 and Av-SiR700 before
and after dissociation of H-dimers by addition of SDS as described previously 8. The H-
dimer ratios for Av-Cy5.5, Av-Alexa 680 and Av-SiR700 were 1.16, 1.29, and 2.13,
respectively.

The amount of signal quenching from H-dimer formation can be appreciated by the amount
of fluorescence activation observed after addition of SDS. Av-Cy5.5, Av-Alexa 680, and
Av-SiR700 all demonstrate an increase in fluorescence intensity after addition of SDS (Fig
2b). The ratio of peak fluorescence intensity after SDS addition to peak fluorescence
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intensity before SDS addition for Av-Cy5.5, Av-Alexa 680, and Av-SiR700 was 1.9, 1.58,
and 8.35, respectively.

In vitro stability of NIR probes
Fluorescence Microscopy—After 4 h incubation with 3 µg/mL of either Av-Cy5.5, Av-
Alexa 680, or Av-SiR700; live cell imaging demonstrated intracellular uptake of each
imaging probe documented by discrete intracellular punctuate signals representing probe
uptake by lysosomes (Fig 3). At the initial time point (T0) images of SHIN3 cells using Av-
Cy5.5 and Av-Alexa 680 demonstrate high background signal due to non-specific binding of
Av-Cy5.5 and Av-Alexa 680 to areas where there were no SHIN3 cells present (asterisks).
Fluorescence microscopy of SHIN3 cells labeled with Av-SiR700 at T0 demonstrated
specific labeling of SHIN3 cells with minimal nonspecific binding due to H-dimer formation
and quenching. Serial imaging performed at 24, 48, and 72 h after washing with PBS
demonstrated a progressive decrease in signal for all three NIR probes. However, Av-Cy5.5
and Av-SiR700 were brighter than Av-Alexa 680 in vitro, so live cell images were obtained
at 200 ms for both Av-Cy5.5 and Av-SiR700, and images were obtained at 500 ms for Av-
Alexa 680.

Flow cytometry
To evaluate in vitro NIR imaging probe stability after target binding, we performed FACS
on SHIN3 cells after 8 h incubation with either Av-Cy5.5 or Av-Alexa 680, or Av-SiR700.
Then, we performed serial FACS analysis at 24, 48, and 72 h after removal of each NIR
imaging probe from the culture medium. The corresponding histograms are shown (Fig 4a–
c). The MFI values for Av-Cy5.5, Av-Alexa 680, and Av-SiR700 were used to determine
the relative decrease in fluorescence signal (Fig 4d). Time course analysis was performed
expressing MFI over time as a percentage of MFI at 0 h, and MFI values decreased for each
NIR fluorophore by 35.8%, 44.9%, and 31%, respectively, at 24 h. At 48 h, the decrease in
MFI from MFI at 0 h for Av-Cy5.5, Av-Alexa 680, and Av-SiR700 was 67%, 75.3%, and
55.8%, respectively. After 72 h, the decrease in fluorescent intensity for each of the NIR
probes from baseline was 73.7%, 80.1%, and 61.6%, respectively.

Assessment of NIR probes in vivo
To evaluate the in vivo characteristics of each NIR imaging probe, Av-Cy5.5, Av-Alexa 680,
or Av-SiR700 were injected into the peritoneal cavities of mice with disseminated peritoneal
SHIN3 ovarian cancer implants and side by side in vivo fluorescent images of the entire
exposed abdomen were obtained at 4, 24, or 72 h after NIR imaging probe injection (Fig 5a–
c). TBRs were determined by drawing an ROI over tumors and drawing an ROI of equal
size over a non-tumor-bearing area adjacent to the tumor within the abdominal cavity. The
TBR for each NIR imaging probe is graphically represented (Fig 5d). The average TBRs of
tumors targeted with Av-Cy5.5, Av-Alexa 680, and Av-SiR700 at 4 h after administration of
each imaging probe was 2.7, 3.1, and 5.2, respectively. Av-SiR700 demonstrated the highest
relative TBR of the NIR imaging probes we tested, but the TBR calculated for Av-SiR700
was only statistically significantly different compared to Av-Cy5.5 (p<0.05).

To evaluate in vivo stability of each NIR imaging probe, we removed tumors labeled with
each NIR imaging probe and placed them on a nonfluorescent plate. Tumor explants for
each NIR imaging probe were imaged side by side to compare tumor signal at 4, 24, or 72 h
after probe injection (Fig 6a). Then, an ROI was drawn around each tumor explant and
average signal intensity was calculated and used to determine the decrease in signal over
time for each NIR imaging probe. The time course showing the decrease of average intensity
for each NIR imaging probe expressed as a percentage of fluorescence relative to the 4 h
time point is illustrated in (Fig 6b). Change in average intensity relative to the 4 h time point
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at 24 h for Av-Cy5.5, Av-Alexa 680, and Av-SiR700 was 114.5%, 19.3%, and 72.4%,
respectively. At the 72h time point the decrease in average intensity for each NIR imaging
probe as a percentage of the 4 h time point was 53.8%, 2.8%, and 42.6%, respectively. Av-
Cy5.5 demonstrated less relative decrease in fluorescence when compared to Av-Alexa 680
and Av-SiR700; however, the difference observed for Av-Cy5.5 was not statistically
significant relative to Av-SiR700. Interestingly, in vivo average fluorescence of tumors
labeled with Av-Cy5.5 demonstrated a relative increase in fluorescence between 4 and 24 h
after injection. Av-Alexa 680 demonstrated the lowest in vivo stability (compared with Av-
Cy5.5 p<0.001 and Av-SiR700 p<0.01) at 72 h.

DISCUSSION
There are several key issues in optical probe design. The required tissue penetration of light
needed for a specific clinical application is dependent on the wavelength of emitted light;
NIR allows more depth of penetration than does visible light and results in lower
autofluorescence. Another design parameter is the length of time that the fluorescence is
required for an application, which is dependent on the biostability of the conjugate. Finally,
the desired sensitivity of the agent is dependent on the TBR which can be improved by
either increasing the binding affinity to the target or decreasing the background signal or
both 9–11. Advances in chemistry have led to the development of activateable optical
imaging probes that have higher TBR when compared to “always on” fluorophores 12–14.
Several different mechanisms currently exist for the development of activateable optical
imaging probes.

For instance, at high concentrations, xanthene derived fluorophores such as rhodamines
form H-type and J-type homo-dimers that efficiently quench fluorescence 15–17. H-type
homo-dimers can also form at much lower concentrations after the fluorophore is covalently
conjugated to proteins 3. This homo-dimer formation induces short (H-dimer) or long (J-
dimer) shifts of the fluorophore’s absorbance spectra. The presence of a blue shifted
absorption peak in addition to the expected monomer absorption peak is indicative of H-
dimer formation as shown in the Table 1. H-dimer absorption shifts may occur by several
processes. Xanthene derived fluorophores are unique in that two identical molecules may
come together to form H-homodimers with very short distances between the fluorophores. In
this circumstance, the H-dimers may behave as a single quantum system that can delocalize
excitation energy resulting in almost complete loss of fluorescence emission through
excitation formation 15. Once the conjugates are released from each other by changes in pH
or by enzymatic processes, the fluorophores will again fluoresce. Another process by which
fluorescence quenching may occur is when two fluorophores interact with each other such
that they donate or accept partially excited photons from each other leading to the incoherent
transfer of energy and resulting in fluorescence quenching 16. This interaction, known as
Forster resonance energy transfer (FRET), occurs at slightly larger distances up to 10 nm
than H-dimer formation within 1 nm 15, 16 and results in less effective quenching.
Previously, activateable NIR optical imaging probes were based on cyanine core
fluorophores 18. Activateable NIR imaging probes using cyanine cores mostly utilized FRET
as a means to quench fluorescence. However, with the development of SiR fluorophores,
which have xanthene-based rhodamine cores, H-dimer formation readily occurs. SiR
fluorophores are able to form H-dimers, as well as undergo FRET, and can be designed to
utilize the photon-induced electron transfer (PeT) effect to create activatable probes.

One method of distinguishing quenching due to H-dimer formation from FRET quenching is
by chemically dissociating the H-dimers and looking for a change in the absorbance
characteristics 17. The dissociation of quenched H-dimers results in a decrease in the H-
dimer absorption peak and a subsequent increase in absorption of the monomer peak.
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However, molecules that are quenched primarily due to FRET, demonstrate a minimal
decrease in absorbance at the H-dimer peak; but they generally do not strongly influence the
absorbance at the monomer peak. Thus, the absorbance of the monomer peak remains
relatively unchanged even after dequenching, although the fluorescence signal can be
activated regardless of either quenching mechanism.

In this study SDS was used with the three agents, Av-SiR700, Av-Cy5.5 and Av-Alexa680,
to detect changes in the absorbance characteristics of each imaging probe. Av-Cy5.5 initially
demonstrated a blue shifted peak in absorbance as well as the typical peak representing the
monomer. However, upon addition of SDS, there was slight increase in absorbance of the
monomer peak that showed only 32% of Cy5.5 molecules formed H-type dimer. From this it
can be concluded that Av-Cy5.5 fluorescence quenching is mostly caused by FRET rather
than the more effective H-dimer quenching. In contrast, upon addition of SDS to Av-
SiR700, the decrease in the blue shifted peak is accompanied by an increase in absorbance at
the monomer peak suggesting that 80% of SiR700 molecules formed H-type dimer resulted
in quenching of the SiR700 is due to the formation of H-dimers, which effectively quenched
fluorescence emission up to 88%.

It must be noted that different activation and quenching strategies may act independently of
one another allowing the combination of multiple quenching methods. This was recently
demonstrated by using H-dimer formation in combination with a pH dependent PeT
quenching in the design of an activateable optical probe. This led to an optical imaging
probe that demonstrated higher TBR for tumor nodules during endoscopy than an
activateable probe that utilized H-dimer formation alone 8.

Av-SiR700 demonstrated specific visualization of SHIN3 cells without nonspecific binding.
However, both Av-Cy5.5 and Av-Alexa 680 had nonspecific background signals
observeable by fluorescence microscopy. FACS time course analysis was used to determine
if Av-SiR700 was stable after endocytosis by target cells. At all time points analyzed Av-
SiR700 demonstrated less fluorophore degradation than Av-Cy5.5 and Av-Alexa 680. Av-
Alexa 680 demonstrated the most rapid degradation of fluorescence emission of the three
fluorophores tested.

The in vivo characteristics of Av-SiR700 were assessed by determining TBR and in vivo
biostability by measuring degradation of fluorescence intensity over time. TBR analysis
showed that Av-SiR700 demonstrated higher TBRs than either Av-Cy5.5 or Av-Alexa 680.
In vivo biostability of fluorescence signal was determined by measuring the fluorescence
intensity and graphing it as a ratio of fluorescence intensity at baseline. At 24 and 72 h after
probe injection, Av-Cy5.5 had less deterioration of fluorescence signal than either Av-Alexa
680 or Av-SiR700. Av-Alexa 680 had the most rapid in vivo degradation of fluorescence
intensity. Interestingly, tumor labeled with Av-Cy5.5 demonstrated higher fluorescence
intensity at the 24 h time point than the 4 h time point. This may be explained by nonspecific
sequestration of Av-Cy5.5 in non-target tissues with subsequent release of the imaging
probe back into the circulation enabling Av-Cy5.5 continued access to the target tissue as
reported with antibody-Cy5.5 conjugates in the previous study 19. This nonspecific
sequestration of Av-Cy5.5 in non-target tissue may also be due to factors such as the probe’s
lipophilicity, charge, or pharmacokinetic profile.

Thus, the SiR700 demonstrates several desirable features. It is a NIR fluorophore, which
utilizes a rhodamine core instead of the more typical cyanine core. Because SiR700 appears
to use both H-dimer and FRET mechanisms for quenching, a more dramatic TBR could be
achieved than with cyanine core fluorophores, Cy5.5 or Alexa 680. Moreover, SiR700
demonstrates excellent biostability in vivo. Av-SiR700 was also found to have less

McCann et al. Page 7

Bioconjug Chem. Author manuscript; available in PMC 2012 December 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



nonspecific binding to the tissue than Av-Cy5.5; and Av-SiR700 demonstrated superior in
vivo fluorescence stability when compared to Av-Alexa 680. These findings suggest that
SiR700, a member of a new class of NIR probes, exhibits desirable properties that could be
useful for in vivo optical imaging.
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Figure 1.
Chemical structures of NIR fluorophores compared in this study. SiR700 is a NIR
fluorophore synthesized on a silica rhodamine core. We compared this to two commercially
available NIR fluorophores synthesized using a cyanine core, Cy5.5 and Alexa Fluor 680.
Carboxyl residues are modified to succinimidyl esters and used for functionalizing
fluorophores.
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Figure 2.
(a) Absorbance spectra of NIR imaging probes, consisting of a NIR fluorophore conjugated
to avidin, without SDS (dashed line) and with SDS (solid line). The blue shifted peak on the
Av-Cy5.5 and Av-SiR700 curves without SDS represents H-dimer formation. Av-Alexa 680
does not demonstrate H-dimer formation. Following SDS treatment, an increase in Av-
SiR700 monomer peak is characteristic of dissociation of xanthene dimers forming excitons.
(b) Emission spectra of NIR imaging probes without (dashed line) and with (solid line) SDS.
Emission is increased following SDS treatment for all fluorophores; however, Av-SiR700
demonstrates the greatest increase in emission following SDS.
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Figure 3.
Serial fluorescence microscopy images of SHIN3 cells following incubation with NIR
probes. SHIN3 cells were incubated with each NIR imaging probe for 4 h and fluorescent
microscopy was performed immediately (T0) and at 24, 48, and 72 h after thorough washing
with PBS. At T0, SHIN3 cells could be identified after treatment with each probe, but Av-
Cy5.5 and Av-Alexa 680 demonstrated considerable background signal represented by
fluorescence detected where there were no cells (asterisks). 24, 48, and 72 h demonstrate a
gradual decrease in fluorescent signal for each NIR probe. Exposure time: Av-Cy5.5 and
Av-SiR700 =200ms, Av-Alexa 680 = 500ms.
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Figure 4.
Flow cytometry analysis of SHIN3 cells immediately (purple), 24 h (orange), 48 h (green),
and 72 h (magenta) after PBS wash and removal of (a) Av-Cy5.5, (b) Av-Alexa 680, or (c)
Av-SiR700 which demonstrates fluorescent signal degradation over time. Then, the amount
of MFI degradation relative to T0 was compared (d). Av-SiR700 demonstrates less of a
decrease in MFI from T0 than Av-Cy5.5 and Av-Alexa 680 at all time points.
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Figure 5.
In vivo fluorescence images of tumor-bearing mice 4, 24, or 72 h after intraperitoneal
injection of either (a) Av-Cy5.5, (b) Av-Alexa 680, or (c) Av-SiR700. Images clearly
identify SHIN3 tumors within the abdomen (arrows). Images clearly demonstrate the
degradation of each NIR imaging probe over time. Interestingly, Av-Cy5.5 appears to
demonstrate an increase in fluorescence intensity of tumor from 4 to 24 h after Av-Cy5.5
injection. Whole body in vivo images were then used to calculate the TBR for each NIR
imaging probe at 4 h after injection. ROIs were drawn around the tumors and ROIs of the
same size were drawn over the adjacent abdomen to determine background signal. This is
represented graphically (d), demonstrating that Av-SiR700 has a relatively higher TBR than
Av-Alexa 680, but Av-SiR700 has a significantly greater TBR than Av-Cy5.5, (p<0.05).
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Figure 6.
(a) Tumor explants following 4, 24, or 72 h after intraperitoneal injection of either Av-
Cy5.5, Av-Alexa 680, or Av-SiR700 were used to semi-quantitatively compare fluorescence
intensity of each NIR imaging probe. ROIs were drawn around each tumor and average
fluorescence intensity was calculated. Then, values were calculated and graphed relative to
the 4 h time point. The graph demonstrating the decrease in signal for each NIR imaging
probe over time is shown (b). Av-Alexa 680 demonstrates rapid decrease in fluorescence
intensity with a significantly greater decrease in fluorescence intensity at 72 h than Av-
Cy5.5 and Av-SiR700 with p values <0.001 and <0.01, respectively. Av-Cy5.5 demonstrates
a relative increase in fluorescent intensity from 4 to 24 h but then shows a rapid decrease in
fluorescence intensity. There was no significant difference in decrease in fluorescence
intensity over time between Av-Cy5.5 and Av-SiR700.
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