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Abstract: Cancer is a public health problem requiring ongoing research to improve current treatments
and discover novel therapies. More accurate imaging would facilitate such research. Near-infrared
fluorescence has been developed as a non-invasive imaging technique capable of visualizing and
measuring biological processes at the molecular level in living subjects. In this work, we evaluate
the tumor activity in two preclinical glioblastoma models by using fluorochrome (IRDye 800CW)
coupled to different molecules: tripeptide Arg-Gly-Asp (RGD), 2-amino-2-deoxy-D-glucose (2-DG),
and polyethylene glycol (PEG). These molecules interact with pathological conditions of tumors, in-
cluding their overexpression of av33 integrins (RGD), elevated glucose uptake (2-DG), and enhanced
permeability and retention effect (PEG). IRDye 800CW RGD gave the best in vivo fluorescence signal
from the tumor area, which contrasted well with the low fluorescence intensity of healthy tissue. In
the ex vivo imaging (dissected tumor), the accumulation of IRDye 800CW RGD could be appreciated
at the tumor site. Glioblastoma tumors were presently detected with specificity and sensitivity by
utilizing IRDye 800CW RGD, a near-infrared fluorophore combined with a marker of av(33 integrin
expression. Further research is needed on its capacity to monitor tumor growth in glioblastoma
after chemotherapy.
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1. Introduction

Glioblastoma is a lethal cancer of the central nervous system that continues to gravely
affect human health despite medical and technological advances. After the standard
treatment, which consists of surgical resection, radiotherapy, and adjuvant temozolomide
chemotherapy, the mean overall survival time is from 12 to 14 months and patients die
within 2 years of their diagnosis [1,2].

The challenges of glioblastoma prevention, detection, and treatment have stimulated
the development of new diagnostic drugs and technologies [3-5]. During the last few
decades, different non-invasive imaging techniques have been developed for monitoring
tumor growth in preclinical and clinical settings. Imaging strategies, including comput-
erized tomography (CT), positron emission tomography (PET), and magnetic resonance
(MRI), allow for the detection and measurement of cellular and molecular processes in
live animals [3,4,6]. Radionuclide imaging has advantages, such as good sensitivity, but is
often costly. Moreover, it provides low spatial resolution and requires personnel trained
in radiation.

Hence, optical (fluorescence and bioluminescence) imaging has emerged as an at-
tractive non-invasive modality. Fluorescence imaging in the biomedical field has distinct
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advantages in terms of sensitivity, selectivity, response time, and safety [7]. Unlike nuclear
imaging techniques, optical imaging does not involve any ionizing radiation. In fluores-
cence imaging, the light emission stimulated by a laser or other external light source poses
no risk. In addition, there are a wide range of suitable fluorophores available, and these
switch from a fluorescently inactive to an emitting state in the presence of certain biological
events [8].

One fluorescence imaging technique, near-infrared fluorescence, is generally preferred
for in vivo imaging. Due to its lower absorption by hemoglobin and water, it penetrates
deeper into tissue than visible-range light. Furthermore, less autofluorescence exists in
surrounding tissues, resulting in low background signal intensity [9,10]. An excellent
signal-to-background ratio is desirable in any molecular imaging technique within its
broad wavelength spectrum, which is from 650 to 900 nm for near-infrared fluorescence.

Numerous compounds with potential for targeted therapy have been employed for
fluorescence imaging. These include small molecules, peptides, proteins, and antibody-
based ligands [11]. The main strategy for developing specific markers is to take advantage
of all the ligand-receptor, enzyme-substrate, and antibody-antigen interactions that may
be useful for practical approaches to imaging [11,12].

Techniques based on near-infrared fluorescence have been evaluated for their capacity
to identify tumors in animal models and in the intraoperative protocol in patients. Al-
though there are various near-infrared fluorescence dyes, only a few have characteristics
suitable for capturing images in heterogeneous tissues in vivo. During the last decade, the
search for an optimized fluorescent probe has been a promising area of research [13-15].
Newton et al. carried out intraoperative near-infrared imaging with an FDA-approved
near-infrared fluorescence optical contrast agent to identify mammary tumors in dogs [16].
Several studies on patients have shown that near-infrared fluorescence can be utilized to
identify tumors and thus guide surgery [17-19]. Three non-specific fluorophores have
been approved for clinical use by the United States Food and Drug Administration (FDA)
and the European Medicines Agency (EMA): indocyanine green (ICG), methylene blue
(MB), and 5-aminolevulinic acid (5-ALA). However, only 5-ALA has been beneficial for
glioblastoma patients [9].

Both positron emission topography (PET) and fluorescence produce molecular images
based on cell labeling. Labeling agents target the distinctive characteristics of tumor cells
resulting from alterations in normal physiological processes. For example, the accelerated
rate of angiogenesis of tumor cells involves an elevated expression of av33 integrins,
which are heterodimeric glycoproteins on the cell surface in cell-to-cell and cell-to-matrix
interactions. The ability to non-invasively image ocv33 integrin expression in living subjects
would represent a novel approach to the diagnosis of tumors and metastases and would
likely provide new insights into angiogenesis in tumors [20]. One substance that binds
to integrin receptors, including «vf3 integrins, is the tripeptide Arg-Gly-Asp (RGD).
This recognition motif is contained in IRDye 800CW RGD, a BrightSite™ near-infrared
fluorescence-labeled RGD imaging agent.

Another alteration common to many tumor microenvironments is the enhanced per-
meability and retention (EPR) effect of discontinuous vascular endothelium [21]. It can
be explored with polyethylene glycol (PEG), a soluble synthetic polymer that has been
conjugated with a fluorophore to form the IRDye 800CW PEG contrast agent [22].

Additionally, malignant tumors are characterized by a high demand for glucose (even
under aerobic conditions), which involves glucose uptake through glucose transporters
(GLUT). 2-Amino-2-deoxy-D-glucose (2-DG), a glucose analog that utilizes GLUT trans-
porters to enter cells, is not metabolized further after its phosphorylation, effectively being
trapped within the cell. IRDye 800CW 2-DG has proven to bind to the cells of multiple
tumor types in both in vitro assays and in vivo animal models [23].

Hence, the administration of selective markers permits the differentiation of images of
tumor cells from healthy cells. The markers take advantage of the distinctive characteristics
of tumor cells. The combination of a marker with imaging technology, such as near-infrared
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fluorescence imaging, holds great promise for monitoring cancer progression and helping
to explore cancer mechanisms. The aim of the current contribution was to use near-infrared
fluorescence imaging to non-invasively monitor tumor growth in two preclinical models of
glioblastoma. Accordingly, fluorochrome (IRDye 800CW) was coupled to RGD, PEG, and
2-DG to evaluate tumor activity. This type of imaging tool has the potential of improving
the diagnosis of tumors and aiding research into cancer therapy by providing insights into
tumors at a molecular level.

2. Materials and Methods
2.1. Reagents

The three imaging agents herein tested, IRDye 800CW conjugated with RGD, 2-DG, or
PEG, were supplied by LI-COR Bioscience (Lincoln, NB, USA). Dulbecco’s modified Eagle’s
medium (DMEM), Roswell Park Memorial Institute medium (RPMI), fetal bovine serum
(FBS), and ethylenediaminetetraacetic acid (EDTA) were purchased from Gibco (Grand
Island, NY, USA).

2.2. Cell Cultures

Rat C6 glioma cells and human U87-MG glioblastoma cells were obtained from the
American Type Culture Collection (ATCC, Manassas, VA, USA) and maintained at 37 °C
in a 5% CO; humidified atmosphere in DMEM supplemented with 5% FBS, and RPMI
supplemented with 10% FBS, respectively.

2.3. Animals

Male nu/nu mice (20-25 g) and male Wistar rats (200-250 g) were supplied by the
Universidad Autéonoma Metropolitana (UAM) and the Facultad de Medicina of the Uni-
versidad Auténoma de México (UNAM), respectively (both institutions in Mexico City).
All animals were provided food and water ad libitum. They were kept in pathogen-free
conditions on a 12/12 h light/dark cycle at 27 °C with adequate humidity. The experi-
ments were performed in accordance with the rules for the care and use of experimental
animals approved by the Ethics Committee of the National Cancer Institute of Mexico
(010-17)-(IBICB601-10) and the “Technical specifications for the production, care and use
of laboratory animals” published by the Secretary of Agriculture in Mexico (SAGARPA,
NOM-062-Z00-1999) [24].

2.4. Tumor Xenografts

Nude mice were subcutaneously (s.c.) inoculated with 1 x 106 C6 cells or 3 x 106
U87-MG cells in the right flank. Subsequently, the tumor of the mice was periodically
measured with a caliper, and tumor volume was determined with the following formula
V=D x d? x (n/6) (D, large diameter; d, short diameter). Once tumors had reached
approximately 150-200 mm?, optical images were acquired with the Odyssey Infrared
Imaging System (LI-COR Bioscience, Lincoln, NB, USA).

2.5. C6 Cell Orthotopic Implantation in Wistar Rats

C6 tumor cells were implanted in Wistar rats as described by Llaguno et al. [25].
Briefly, each animal was anesthetized with tiletamine hydrochloride (10 mg/kg s.c.) and
acepromazine maleate (0.4 mg/kg s.c.) then placed in a stereotactic device for surgery. With
an infusion pump, 7.5 x 105 C6 glioma cells were orthotopically implanted intracranially
in Wistar rats at the coordinates of 2.0 mm right from bregma and 6 mm deep with a rate of
0.5 uL./min.

2.6. U87-MG Cell Orthotopic Implantation in Nude Mice

U87-MG cells were inoculated intracranially into nu/nu mice by means of stereotaxic
surgery with a 27G gauge needle. While mice were maintained under anesthetic conditions
with an isoflurane/oxygen system, an incision was made 2 mm to the right and 1 mm
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posterior to the Bregma, and 7.5 x 105 U87-MG glioma cells were orthotopically deposited
2.5 mm deep at a rate of 0.5 uL/min with an infusion pump.

2.7. In Vivo and Ex Vivo Imaging

The fluorescent markers (1 nmol) were injected intravenously into animals, and the
optical images were acquired at 0, 2, 18, 24, 48, and 72 h post-injection. The animals
were anesthetized with 2% isoflurane throughout the imaging procedure and the images
were captured with the Odyssey Infrared Imaging System (LI-COR Bioscience, Lincoln,
NB, USA).

We used the 800 nm wavelength (Channel Laser Source) with an excitation filter of
785 nm and an emission filter of 820 nm with laser power of 50 nW. The Image Field Size
was 9.8 inch W x 9.8 inch D (Figure 1). The settings are shown in Table 1. Focus was
defined as the sharpness and clarity of the image, and metrics such as peak signal-to-noise
ratio (PSNR) were used to evaluate image quality and quantify. PSNR measures the ratio
of the peak signal power to the noise power.

Anesthesia

=

~—

Image Field
Size 9.8' W x 9.8’

MousePOD

IRDye 800CW (1 nmol) Optical image
i.v administration Li-COR CLx

Figure 1. Odyssey Infrared Imaging System (Li-COR CLx) used for acquiring images with different
IRDye-800W probes.

Table 1. Image acquisition settings of Odyssey Infrared Imaging System (LI-COR Bioscience, Lincoln,
NB, USA).

Parameters Xenograft Model Orthotopic Model
Focus (mm) 4.0 0.5
Resolution (um) 337 337
Quality Medium Medium
Depth of field (mm) 4.0 4.0
Penetration depth (mm) 4.0 4.0
Wavelength (nm) 800 800

The animals were sacrificed 48 h post-administration of fluorescent markers and the
brains were dissected for optical images.

For each analysis of different probes, the images have been normalized to the same
fluorescent scale (LUT) to optimize their analysis. This normalization step was imple-
mented to facilitate visual comparisons across all images. However, LUT was not required
for quantification.

Regions of interest were selected and quantified for total pixel values, and the back-
ground fluorescence was subtracted from the signal intensities. The images were analyzed
with Image Studio Lite (Version 5.2).

2.8. Histological Staining

For histological analysis, animals were euthanized three weeks post-inoculation and
brains were harvested and fixed in 10% formaldehyde. They were then embedded into
paraffin blocks, which were sliced on a microtome and stained with H&E.
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C6 tumor

U87-MG tumor

2.9. Statistical Analysis

The values are expressed as the mean (n = 3) = SD. The statistical analyses were
performed on GraphPad Prism software version 8.0.1, comparing the data between groups
with one-way analysis of variance (ANOVA). Significant differences were considered at
p <0.05.

3. Results
3.1. IRDye 800CW RGD

IRDye 800CW RGD was injected intravenously into animals, and the intratumoral
accumulation of IRDye 800CW RGD was examined in vivo in the U87-MG and C6 tumors
at0, 2, 18, 24, 48, and 72 h post-injection, finding a difference between the two. Whereas the
accumulation of the IRDye 800CW RGD continued in the C6 tumors for up to 72 h, it di-
minished in the U87-MG tumors after 48 h. In both cases, sufficient contrast of fluorescence
existed between the tumor and the rest of the body, thus furnishing a clearly delimited
tumor image (Figure 2a).
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Figure 2. In vivo fluorescence imaging subsequent to intravenous injection of IRDye 800CW RGD.
(a) Fluorescence imaging of C6 (above) and U87-MG tumors (below). The position of the tumor is
indicated by the white arrows. (b) Fluorescence intensity as a function of the time elapsed after the
subcutaneous administration of C6 and U87-MG xenografts. Values represent the mean (n = 3) = SD.
* significant difference (p < 0.05) between C6 tumor with U87-MG tumor.

The fluorescence signal intensity was quantified during 72 h post-injection of the
fluorescence marker, based on the establishment of a region of interest in the tumor. In both
cell lines, the signal intensity was at its peak at 2 h post-injection, followed by a gradual
decrease over time (Figure 2b).

3.2. IRDye 800CW PEG

The tumor retention of the IRDye 800CW PEG is shown in Figure 3a. The macro-
molecule was visible at 18 h post-injection in the C6 xenograft model of glioblastoma, but
only visible in the periphery of the tumor at 18 h post-injection in the U87-MG xenograft
model (Figure 3a). In both cell lines, the signal intensity peaked at 18 h post-injection, and
gradually decreased for the next 54 h (Figure 3b).
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Figure 3. In vivo fluorescence imaging subsequent to intravenous injection of IRDye 800CW PEG.
(a) Fluorescence imaging of the C6 (above) and U87-MG tumors (below). The position of the tumor is
indicated by the white arrows. (b) Fluorescence intensity as a function of the time elapsed after the
subcutaneous administration of C6 and U87-MG xenografts. Values represent the mean (n = 3) & SD.
* significant difference (p < 0.05) between C6 tumor with U87-MG tumor.

3.3. IRDye 800CW 2-DG

Figure 4a illustrates the images acquired with the Odyssey Infrared Imaging System
(LI-COR) at 0, 2, 18, 24, 48, and 72 h post-injection of IRDye 800CW-2-DG in the animals
of the C6 and U87-MG xenograft models. Since the fluorescence signal was intense at 2 h
post-injection, its distribution being uniform throughout the bodies of the mice, the tumor
area could not be differentiated for either cell line (Figure 4b).

a b

Oh 2h 18h 24h 48h 72h

=
N
fEa
=3
S

40001 - C6
& U87-MG

-10000

C6 tumor

-8000
-6000

-4000
I2000
0.0000

Figure 4. In vivo fluorescence imaging subsequent to intravenous injection of IRDye 800CW 2-DG.

Fluorescence Intensity/Area
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K31suajul aduassalonyy jo aeq ajess

U87-MG tumor

(a) Fluorescence imaging of nude mice with a subcutaneous C6 (above) or U87-MG tumor (below).
The position of the tumor is indicated by the white arrows. (b) Fluorescence intensity as a function
of the time elapsed after the subcutaneous administration of C6 and U87-MG xenografts. Values
represent the mean (n = 3) = SD.

3.4. Orthotopic Models

In the U87-MG orthotopic inoculation, in both the sham and tumor groups, near-
infrared fluorescence images showed high fluorescence intensity at 2 h. At 18 h, the probe
had become more concentrated in the tumor area. In contrast, in the sham group, the
IRDye 800CW RGD was distributed throughout the brain. In both groups, the fluorescence
intensity decreased over time (Figure 5a). There was a very notable difference in signal
intensity between the mice inoculated with tumor cells and the sham animals (Figure 5b).
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Figure 5. In vivo fluorescence imaging of IRDye 800CW RGD uptake by U87-MG intracranial glioma
cells. (a) Fluorescence imaging of nude mice with an orthotopic U87-MG tumor. The position of the
tumor is indicated by the white arrows. (b) Fluorescence intensity as a function of the time elapsed
after the U87-MG xenografts were administered or the sham operation performed. Values represent
the mean (n = 3) £ SD. * A significant difference (p < 0.05) between Sham group with implanting of
glioma cells U87-MG.

Unlike the orthotopic model in athymic mice, in Wistar rats, it was impossible to
adequately differentiate the tumor tissue from the healthy tissue (Figure 6a). Although
both species of animals were shaven, in the rats, the tumor could not be differentiated from
surrounding tissue, and no difference was observed in the fluorescence intensity between
the sham and inoculation groups (Figure 6b).
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Figure 6. In vivo fluorescence imaging of IRDye 800CW RGD uptake by C6 intracranial glioma cells.
(a) Fluorescence imaging of rats with an orthotopic C6 tumor. The position of the tumor is indicated
by the white arrows. (b) Fluorescence intensity as a function of the time elapsed after the C6 tumors
were administered or the sham operation performed. Values represent the mean (n = 3) + SD.
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Ex Vivo Imaging and Histology Analysis

In order to confirm the presence of a tumor, animals were sacrificed at 48 h post-
injection of 800CW RGD. A difference was found in the fluorescence intensity of the ex
vivo images of the normal brain tissue (the sham group) and the animals with a tumor
implanted, both in the C6 and U87-MG models. The fluorescence of 800CW RGD was
observed in the tumor groups but not in the sham animals (Figure 7a). The fluorescence
signal is generated only at the site where the marker accumulates (due to the binding of
IRDye 800CW RGD to av33 integrins). The H&E stain provides a visualization of the high
degree of cellular density and pleomorphism that is typical of glioblastoma (Figure 7b).
These stains correspond to the fluorescence imaging results of the same tumor tissue with
IRDye 800CW RGD.
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Figure 7. (a) Ex vivo fluorescence imaging of IRDye 800CW RGD in the brain of the sham-operated
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group (without any tumor, left) and of animals with a tumor implanted (right) at 48 h post-injection
of 800CW RGD. (b) H&E staining of C6 and U87-MG tumor tissue. Green arrows indicate tumor
location. Scale bar = 0.1 mm. 40x.

4. Discussion

One of the fundamental limitations in cancer research and therapy is the ability to track
tumor growth and thus determine the efficacy of new cancer treatments. Consequently, the
search for new diagnostic techniques is key to achieving new advances. In this sense, in vivo
imaging techniques are essential in biomedicine and cell biology. Regarding medicine, they
are advantages for drug discovery and development as well as for the clinical assessment
of central nervous system diseases. These techniques allow for the localization of tumors,
the visualization of the expression and activity of specific molecules, and the monitoring
of biological processes that influence tumor behavior and/or response to therapy [26-28].
Near-infrared dye penetrates deeper into tissue and offers low scatter and background
fluorescence in healthy tissue compared with other near-infrared fluorophores [27].

The different commercial probes herein evaluated for their capacity to accumulate in
glioblastoma tumor models (orthotopic and xenograft) were 2-DG, RGD, and PEG. They
were coupled to a fluorochrome that emits near-infrared wavelengths, which have deeper
penetration into tissue and greater sensitivity than visible-range light.

The three imaging agents were evaluated at different times to choose the best optimal
time. Choosing the optimal imaging time point is crucial for optimizing the upcoming
studies. It is essential to identify when the signal-to-noise ratio is at its highest. It is crucial
to determine the time that necessary to clear the probe adequately on the non-specific sides
to avoid the fluorescence throughout the animal being too intense to image accurately.
Through this analysis, we visualize a gradual reduction in signal intensities over time
due to the cleared probe on the non-specific sides. It is generally preferred to analyze a
significantly higher signal than the background.
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Each probe has a different uptake depending on its biological affinity for the receptors
expressed in the tumor cells. This information can guide the design of more targeted
experiments and help optimize the use of resources and time. To validate the specificity of
the tracer, we included negative controls with non-specific agents, such as saline solution
basal image, and positive controls to the cell or target-of-interest could confirm specificity
and demonstrate the tumor localization. If the receptor is higher in tumors, the tracers bind
more than in the case of the normal cells.

Since the RGD peptide binds selectively to «v[33 integrins, it has been coupled with a
fluorescent marker in various studies to evaluate tumor growth in animal models [29,30].
Due to the fact that integrins, which are a family of heterodimeric cell surface receptors
expressed on a wide variety of tumors, are responsible for regulating crucial cellular
functions such as angiogenesis, adhesion, migration, and invasion [31], in this study,
the intratumoral accumulation of IRDye 800CW RGD could be detected and adequately
quantified in both cancer cell lines, and there was greater signal intensity for the C6 line.
While this difference may owe itself to a distinct expression of av(33 integrins in the
cell lines, contradictory reports are found on such expression. Hence, one of the future
objectives will be to determine the level of expression of av33 integrins of C6 and U87-MG
cells. Considering that an association has been reported between a high expression of ocv[33
integrins and a poor prognosis in glioblastoma [32], these integrins may be an important
candidate for the in vivo analysis of tumor progression in animal models.

On the other hand, the enhanced permeability and retention (EPR) effect has been
accepted as one of the pathophysiological characteristics of solid tumors. Since larger
molecules reportedly tend to accumulate in tumors [21], a pegylated dye (24-60 kDa)
was utilized to assess the retention of labeled macromolecules. In this work, the IRDye
800CW PEG was only visible in the periphery of the tumor at 18 h post-injection in the
U87-MG xenograft model, in comparison with the C6 xenograft, where the probe was
visible after 18 h hours post-inoculation. In contrast with the IRDye 800CW RGD probe,
the signal intensity decreased more slowly with the PEG probe. PEG is a macromolecule
retained in discontinuous vessels, making its elimination more difficult. With near-infrared
fluorescence agents that target either avp33 integrins or the EPR effect, Keereweer et al.
could detect tumors in an orthotopic mouse model of oral cancer [22]. However, there
are some limitations to the application of IRDye 800CW PEG because it is not a tumor-
specific target.

Another essential characteristic that distinguishes cancer cells from healthy cells is the
elevated glucose metabolism. A number of molecular imaging techniques utilize this metabolic
difference to monitor tumor progression with a glucose analog, 2-amino-2-deoxy-D-glucose
(2-DG). Although there are studies in which the accumulation of 2-deoxy-2-(18F) fluoro-D-
glucose (18F-FDG) within the tumor is evaluated with microPET in various animal models
of cancer, it is a more expensive technique and requires personnel trained in radiation.
Thus, the use of 2-DG labeled with a fluorochrome has often been preferred. IRDye 800CW
2-DG was presently examined as a possible molecular probe in a glioblastoma model.

Various near-infrared fluorescence 2-deoxyglucose analogs have been successfully
synthesized for non-invasive optical tumor imaging. In this work, we evaluated the tumor
retention of the IRDye 800CW 2-DG at different times. In the case of the subcutaneous
glioblastoma model, no difference in fluorescence intensity was observed between the
tumor and healthy tissue. Other studies with 2-DG probes have shown an accumulation
of 2-DG in the tumor. For instance, Cy5.5 has been shown to have a higher uptake in
subcutaneous U87-MG glioblastoma tumors than in normal tissue [33]. On the other hand,
the tumor uptake was greater for FDG than Cy5.5 2-DG, perhaps because of the unspecific
binding of Cy5.5. Kovar et al. reported a specific distribution of IRDye 800CW 2-DG within
tumors in athymic nude mice bearing prostate, epidermoid, and colorectal tumors [23]. Due
to the accelerated rate of glucose accumulation in the tumor, the time points for making
measurements in this study may have been too far apart, suggesting the need to evaluate
several times points between 2 and 18 h post-injection.
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Several studies have been reported the use of NIRF probes to evaluated the growth
tumor in an orthotopic model of glioma. For an orthotopic inoculation, physiological and
biological characteristics were considered for the probe, such as the depth of injection,
the blood-brain barrier, vascularization, and the elevated metabolic activity of glucose.
It was decided to discard the evaluation of the 2-DG probe given that the high glucose
metabolism in the brain impeded the delimitation of the tumor from the surrounding
tissue. PEG was also discarded because of its large size, which did not allow it to cross
the blood-brain barrier. Hence, RGD was selected as the most appropriate marker for this
study due to the overexpression of av(33 in glioma cells. In the U87-MG orthotopic model,
near-infrared fluorescence images showed a difference in signal intensity between the mice
inoculated with tumor cells and the sham group. For the orthotopic model of the C6 cell
line, Wistar rats were the animals of choice because they would not produce rejection of the
implant, being the same species as the animals of tumor origin. However, in Wistar rats, it
was impossible to adequately differentiate tumor tissue from healthy tissue. Perhaps the
thicker bone density in the rat versus the mouse skull impedes the adequate capture of
fluorescence. Additionally, the tumor was located deeper under the skin in the rats than in
the mice. However, in order to confirm the presence of a tumor, animals were sacrificed at
48 h post-injection of 800CW RGD. A difference was found in the fluorescence intensity of
the ex vivo images of the brains of the sham group compared to images of the brains of
rats implanted orthotopically with tumor cells (C6 or U87-MG). The fluorescence of 800CW
RGD was observed in the tumor groups but not in the sham animals. Therefore, in rats,
only ex vivo brains with C6 tumors are available to carry out trials. The fluorescence signal
is generated only at the site where the marker accumulates (due to the binding of IRDye
800CW RGD to av33 integrins), and the fluorescence imaging of tumors corresponds with
histological imaging where the H&E stain showed a high degree of cellular density that is
typical in glioblastoma tumors.

The use of fluorescence techniques has already been important in preclinical and
medical images due to a non-invasive imaging technique that can help visualize biological
processes. Using different techniques could allow us to acquire more information about the
biological process to be studied, and combining several techniques could enrich the dis-
cussion and expand the horizons of the research. The use of fluorescence lifetime imaging
microscopy (FLIM) has been employed in biomedical applications because FLIM can evalu-
ate different processes in cells, tissues, disease progression, and drug efficacy [34,35]. The
additional information provided by several imaging techniques could contribute to more
accurate differentiation between various cellular components or molecular interactions.

5. Conclusions

Near-infrared fluorescence is a good non-invasive imaging tool. It was presently
combined with three different markers (RGD, 2-DG, and PEG) to test the capacity of each to
monitor the growth of two models of glioblastoma tumors (C6 and U87-MG). Better results
were found with IRDye 800CW RGD than IRDye 800CW 2-DG or IRDye 800CW PEG. The
markers interact with av33 integrins, glucose, and the enhanced permeability and retention
effects, respectively. There was substantially more IRDye 800CW RGD accumulated in
tumor versus healthy tissue, which is due to the high expression of av[33 integrins in the
former. Hence, this fluorescence dye could possibly be used to interact with tumors to
afford greater accuracy in evaluations of preclinical studies and in diagnoses after novel
cancer therapy. Although further research is necessary, IRDye 800CW RGD holds promise
as a means of providing information beneficial for personalized medicine.
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