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Role of near-infrared heptamethine cyanine dye IR-783
in diagnosis of cervical cancer and its mechanism
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Abstract: Near-IR fluorescence imaging is a novel modality and has great potential for detection of tumors. The goal
of this study was to evaluate the value of the IR-783 dye, a near-infrared heptamethine carbocyanine, as an imaging
agent for rapid detection of human cervical cancer and the underlying mechanism of IR-783 mediated imaging. The
imaging was investigated in cervical cancer cells for detecting the uptake, accumulation and subcellular localization
of IR-783 dye. Whole-body imaging of mice bearing human cervical cancer xenografts and freshly harvested clinical
cervical cancer specimens were used for assessment of specific dye uptake and retention. Frozen tissue section
was used for confirming the dye accumulation at the tissue and cellular levels. The detection of circulating tumor
cells in peripheral blood spiked with cervical cancer cells was made. The results revealed that IR-783 dye could be
specifically uptaken by cultured cervical cancer cells, human cervical cancer cell-spiked whole blood, human cervi-
cal cancer xenografts and freshly harvested human cervical cancer tissue, but not by normal cell tissues. In the
present study, we proved that IR-783 has potential for detecting cervical cancer cells in clinical specimens and in
circulating blood. It can be further developed as modality agent for deep tissue imaging of cervical cancer in clinic.
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Introduction should meet some requirements including
excellent optical characteristics, suitable bio-
compatibility and a cancer targeting ability [6].
IR-783 cyanine dyes have previously been
described as ideal NIRF probes and they accu-
mulate selectively at tumor sites but not in nor-
mal tissues [7]. IR-783 has been proved to have
great potential in the detection of malighancies
without additional conjugation with cancer-spe-
cific moieties [5]. Application of IR-783 in cervi-
cal cancer detection and diagnosis has yet to
be fully explored.

Cervical cancer has been the second most
common cancer in women globally. The majori-
ty of cervical cancer related deaths occur in the
developing world [1]. In recent years, cervical
cancer has drawn more attention in clinical
research. Accurately diagnosing is the first step
toward preventing cervical cancer. Cervical Pap
smear screening as a conventional imaging
technology has led to a substantial reduction of
cervical cancer incidence. However, it is not
sufficient and has limited reproducibility and
sensitivity to detect cervical cancer [2]. So,
more sensitive optical imaging modalities
would be useful for detection of cervical
cancer.

To further explore their clinical value in cervical
cancer, we detected IR-783 based on the spe-
cific uptake and retention of the carbocyanine
dyes by cancer cells in different experimental

Near-infrared fluorescence (NIRF) imaging as
an attractive novel modality for cancer detec-
tion has obtained real-time pathophysiological
information in many cancers. NIRF probes with
emission profiles at 700 to 1,000 nm wave-
length in the near-infrared region were required
in this imaging technique [3-5]. These probes

settings. Furthermore, we tested the underlying
mechanism that possibly due to the differential
expression of organic anion transporting pep-
tides (OATPs) in cancer cells. Our results sug-
gest that this probe can be used as a sen-
sitive contrast agent for cervical cancer
visualization.
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Materials and methods
Chemical reagents

IR-783 dye was purchased from Sigma-Aldrich
(St. Louis, MO, USA) and dissolved in DMSO
diluted with appropriate vehicles. All materials
were filtered through 0.2-um filters and stored
at 4°C before use.

Cell lines and cell culture

We used human cervical cancer cell lines
including Hela, SiHa and Caski as research
objects and human normal immortalized cervi-
cal epithelial cells (H8) as control. These cell
lines were all established by our laboratory,
which were described in the method of other
papers [8, 9].

All cell lines were cultured in media containing
5% fetal bovine serum and 1 x penicillin/strep-
tomycin at 37°C with 5% CO,,.

In vitro study of IR-783 dye uptake in cultured
cells and tissues

1 x 10* cells per well were seeded on four-
chamber slides coated with vitronectin (Na-
IgenNunc) and incubated with medium contain-
ing 5% fetal bovine serum for 24 hours. After
removal of the medium, the slides were incu-
bated in working solution of IR-783 dye (20 um)
at 37°C for 30 min and washed in PBS two
times. Then 4% paraformaldehyde (Sigma-
Aldrich) was used to fix for 10 min. The slides
were covered by glass coverslips with an aque-
ous mounting medium (Sigma-Aldrich) after
washing twice with PBS. Images were recorded
by fluorescence microscope (Olympus).

Tissues collected from tumor-bearing mice and
freshly harvested from patients (maximum
diameter 1 mm x 2 mm x 2 mm) were used for
checking imaging of IR-783. After fixation over-
night, tissues were incubated in 30% sucrose
solution until sink to the bottom. The tissues
were then embedded in OTC medium (Leica)
and frozen at -80°C, followed by histopatholog-
ic observation. The protocol was approved by
the Ethics Committee of Xijing Hospital of The
Fourth Military Medical University.

Evaluation subcellular localization of IR-783
dye in the cervical cancer cells

To determine the dye uptake by mitochondria
and lysosomes, the molecular probes Mito
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Tracker Orange CMTMRos and Lyso Tracker
Green DND-26 (Molecular Probes, Camarillo,
CA, USA) were used to track cytoplasmic mito-
chondria and lysosomes respectively. The cells
were seeded in live-cell imaging chambers
overnight. Subsequently, cells were incubated
with IR-783 dye for 30 min at 37°C and then
washed twice with PBS. The cells were stained
with DAPI at 37°C for 10 min. Following wash
twice with PBS after DAPI staining, cells were
incubated with 500 nM CMTMRos for 30 min at
37°C and 200 nM DND-26 for 60 min at
37°C respectively. Next, repeated washes and
mounting were performed. Imaging was cap-
tured under a confocal microscope (OLYMPUS
FV1000). The emission/excitation wavelengths
for DND-26 were 554 nm/576 nm and for
CMTMRos were 504 nm/511 nm.

To analyze the role of organic anion transport-
ing peptides (OATP) in IR-783 dye uptake and
accumulation in cancer cells, we added differ-
ent OATP inhibitors to cervical cancer cells for 5
min before incubating the cells with IR-783 dye.
These inhibitors included competitive inhibi-
tor of OATPs bromosulfophthalein (BSP, 250
pmol/Il), OATP1 inhibitor rifampicin (20 umol/I),
selective OATP1B1 inhibitor 17B-estradiol (EST,
20 pupmol/l), and selective OATP1B3 inhibi-
tor cholecystokinin octapeptide (CCK-8, 20
pmol/l). The images were observed under a
confocal microscope (OLYMPUS FV1000).

Detection of cervical cancer cells in human
blood samples

Blood samples were obtained from patients
who suffered cervical cancer. The study was
approved by the ethics committee of our hospi-
tal. Written informed patient consent was
obtained from the patients. Cervical cancer
cells carry the ability to metastasize to distinct
organs via the circulatory system. To detect cir-
culating tumor cells in blood, human blood
samples were mixed with signal-cell suspen-
sion of cervical cancer cells pre-labeled with
DAPI, and then IR-783 dye (20 umol/l) was
added. Following incubation at 37°C for 30
min, the mononuclear and cancer cells were
isolated form mixture via the gradient centrifu-
gation method using Histopaque-1077 (Sigma).
After fixation of normal and cancer cells, the
mixture was observed under confocal micro-
scope to identify the cancer cells via the posi-
tive staining. Flow cytometry was used to count
for the total number of cancer cells in the blood.
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Uptake and accumulation of IR-783 dye in
tumors of live mice

Athymic nude mice were anesthetized with ket-
amine (75 mg/kg) by intraperitoneal injection
and kept at an anesthetized state during sur-
gery. Then human cancer cells (1 x 10°) were
implanted either subcutaneously or orthotopi-
cally into athymic nude mice (n=6, respectively)
following the procedures reported previously
[10]. Mice were injected with IR-783 dye at a
dose of 0.35 mg/kg when tumor size reached
~2-8 mm in diameter, as assessed by X-ray and
by palpation. In nude mice, the tumor number
could reach 4 samples, among them the maxi-
mum diameter was ~8 mm x 6 mm x 4 mm.

Athymic nude mice were obtained from the
Animal Center and The Guidelines of Intramural
Animal Use and Care Committee of our univer-
sity were followed. The primary method of
euthanasia used in this study was cervical dis-
location. The mice were allowed to eat and
drink ad libitum before being sacrificed.

Kodak Imaging Station 40000 MM was used to
check fluorescent of whole body after 24 hours.
Mice were anesthetized with diethyl ether and
kept at an anesthetized state during imaging.
Frozen section was obtained for immediate
confocal imaging of tumor tissues. H&E stain-
ing and histological analyses were made using
these frozen sections.

To assess tissue metabolic pathways of this
dyes, athymic nude mice without tumor implan-
tation were sacrificed at O, 6, and 80 hours
(n=6 each) after injection of IR-783 dye at a
dose of 10 nmol/20 g. Dissected organs were
subjected to IR-783 dyes for cancer imaging by
a Kodak Imaging Station 4000 MM.

NIRF imaging of human cervical cancer tis-
sues

Human cervical cancer tissue and no cancer-
ous tissue were collected from three patients
at our hospital to assess the direct IR-783 dye
staining in ex vivo settings.

All samples were stained with the IVIS Lumina Il
imaging station (Caliper Life Sciences) for NIRF
imaging. Images were captured by confocal
microscopy. Then all samples were fixed and
embed for frozen section. Frozen 10 ym sec-
tions were stained with DAPI and the mounted
sections were analyzed with a confocal micro-
scope to observe the NIRF signals.
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Data processing and statistics

The statistical significance of data was deter-
mined by two-way analysis of variance followed
by post hoc tests of Newman-Keuls multiple
comparisons using GraphPad Prism software.
Data were expressed as mean + SD of the indi-
cated number of determinations. The statisti-
cally significant difference was assigned as P <
0.05.

Results

Specific uptake of IR-783 dye by human cervi-
cal cancer cells

To detect whether the IR-783 dye was specifi-
cally uptake by cancer cells, we firstly tested
the appropriate concentration and found that
20 uM was a good choice, because this con-
centration can give a good imaging and produc-
es no cell proliferation effect for human cervi-
cal cancer Hela cell (data not shown). Then we
assessed in human cervical cancer Hela, SiHa
and Caski cells, and the results showed that
IR-783 was significantly and uniformly uptake
by cervical cancer cell lines but not by normal
cells (Figure 1A). Mitochondrial and lysosomal
tracking dyes were used for tracing the IR-783
subcellular localization. The stain was almost
completely congruent with both MitoTracker
and LysoTracker, suggesting that IR-783 is
localized both in mitochondria (Figure 1B) and
lysosomes (Figure 1C).

Imaging human cervical cancer cells xeno-
grafts with IR-783 dye

To observe similar specificity for the uptake and
retention of IR-783 by cervical tumor xenografts
in vivo, Hela tumors with IR-783 dye were inject-
ed in athymic mice subcutaneous. Time-course
studies showed that positive imaging was spe-
cifically detected in the tumors 24 hours after
dye administration (Figure 2A). Then subcuta-
neous implants were used to confirm IR-783
uptake by cervical tumor cells. The frozen sec-
tion revealed that clusters of cells were positive
with IR-783 staining. Moreover, the presence of
cervical cancer cells was also confirmed by
H&E staining (Figure 2B). The main organs of
mouse models were used for illustrating the
metabolism of the IR-783 dye. Bio-distribution
analysis indicated that IR-783 dye was primarily
eliminated through the excretions of bile, urine
and feces (Figure 2C).
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Figure 1. Specific uptake of IR-783 dye by human cervical cancer cells. A. Photos of NIR imaging (NIR) showed that IR-783 dye was uptake by cervical cancer cell
lines Hela, SiHa and Caski, but not by normal cell H8. B. Co-localization of NIR and mitochondria staining in cervical cancer cell lines. C. Co-localization of NIR and
lysosomes staining in cervical cancer cell lines.
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Figure 2. Use of IR-783 dye in detection of human cervical tumor xenografts and metabolism pathway. A. Images of
subcutaneous cervical cancer. Whole-body NIR imaging and X-ray radiography were captured after 24 h administra-
tion of IR-783. B. Frozen sections of the retrieved xenografts staining with DAPI demonstrated IR-783 dye specifi-
cally uptake by cancer cells and H&E staining of retrieved xenografts confirmed the existence of cancer cells. C. Host
organs were dissected and subjected to ex vivo imaging for researching metabolism of IR-783 dye.

B DAPI NIR Merge

Figure 3. IR-783 dye imaging of freshly dissected human cervical tumors. A. Positive IR-783 dye signaling was de-
tected in human cervical tumors from clinic. B. The results of NIR dye uptake by cervical cancer cells were confirmed
by frozen section stain.

Ex vivo IR-783 dye imaging of freshly dissected
human cervical tumors

To evaluate whether IR-783 dye could be
detected in cervical tumors from the patients,
we checked human cervical cancer surgical
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specimens and found that higher staining can
be detected in tumor tissues comparing with
normal samples (Figure 3A). IR-783 staining in
the cervical cancer was confirmed by NIR fluo-
rescence imaging of frozen sections (Figure
3B). These data suggested that IR-783 dye
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Detection of circulating cervical tumor cells in
human blood

To assessed whether IR-783 dye could detect
cervical cancer cells in peripheral blood when
cancer cells were metastasized to distant
organs via the systemic circulation. Fluo-
rescence assay showed that cancer cells in
blood could be visualized in sensitive signals
and apparently differentiate from mononuclear
cells (Figure 4A). A flow cytometric assay dem-
onstrated that cancer cells were obviously
detected in blood, even though low cell num-
bers were used (Figure 4B).
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Selective uptake of IR-783 dye in cervical can-
cer cells relies on the functions of OATP1B3
and OATP1

Previous studies have demonstrated that the
inhibition of OATPs greatly inhibited the uptake
of NIRF dyes [11, 12], however, which subtype
of OATPs have key role in cervical cancer
remains elusive. We found that almost all the
subtype of OATPs are expressed in cervi-
cal cancer cells, including OATP1, OATP1B1,
OATPB3, OATP4A1 and OATP5A1. Among them,
OATP4A1 and OATP5A1 had no differences
between cancer cells and normal cells, but the
express of OATP1, OATP1B1 and OATPB3 were
decreased in cervical cancer cells (Figure 5A).
BSP, as a nonspecific OATP, induced the great-
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tively, also significantly reduced the positive
signal compared with that of the control.
However, EST, as a selective OATP1B1 inhibitor,
had nearly no effect on signal compared with
that of the control (Figure 5B). These results
indicated that selective uptake of NIRF dyes
relies primarily on the transporting functions of
OATP1B3 and OATP1.

Discussion

Human papillomavirus (HPV) cytology contest-
ing has been recommended as the method of
cervical cancer screening in clinic, which has
markedly reduced mortality from squamous
cell cervical cancer, which comprises 80-90%
of cervical cancers [13-15]. However, it lacks
specificity and cannot discriminate between
common transient infections and rare preva-
lent pre-cancers, because atypical squamous
cells of undetermined significance (ASC-US)
account for the majority of abnormal cytology
results [16]. So, a more effective method for
imaging cervical cancer cells needs to be
explored. In the present study, we found that
IR-783, a heptamethine indocyanine dye, can
be actively taken up and accumulated by cervi-
cal cancer cells but not by normal cells.

NIRF dyes have chemical structures of water-
soluble pentamethine and heptamethinecya-
nine dyes have allowed for long-term tracking
strategies with a satisfactory accuracy for diag-
nosis [17]. IR-783 dye has been proved as a
powerful tool for cancer research and tumor
detection in kidney cancer [7]. In this study, we
demonstrated that IR-783 was taken up spe-
cifically by cervical cancer cells but not by nor-
mal cells both in vitro and in vivo. Moreover,
IR-783 could be used for detecting cancer cells
in blood or in tissues directly without chemical
conjugation, which provides the unique advan-
tage of identifying heterogeneous populations
of cervical cancer cells in clinical specimens
despite heterogeneous expression of surface
markers. The surface marker, such as p16 test-
ing for triage marker, was another strategy for
improving combination of high sensitivity and
high specificity for detecting cervical cancer,
but has been proved to have less specificity
and lower sensitivity [18-20].

The mechanism of carbocyanine dyes to be
specifically taken up by malignant cells remains
to be elucidated. It has been reported that
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IR-783 and MHI-148 uptake could be mediated
by transmembrane proteins of the OATP family
[21]. A further investigation which identifies the
OATP member that mediates specific uptake
and retention was warranted in malignant cells.
IR-783 dye has the property of water-solubility
which can easily diffuse across cytoplasmic
membranes and co-localize with mitochondrial
and lysosomal organelles in cervical cancer
cells, which all reminders that OATP may be the
main pathway. Indeed, differential expressions
of certain OATP proteins were detected in cervi-
cal cancer cell lines. In addition, CCK-8 and RIF
were used for proving that transporting func-
tions of OATP1B3 and OATP1 were the key regu-
lators in uptake of IR-783.

In summary, IR-783, as a heptamethine carbo-
cyanine dye, offers an effective tool to detect
cervical cancers with high sensitivity and hold
great promise for novel therapeutics for future
cancer imaging.
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