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Abstract
Aim—The lymphatics, critical conduits of metastases, are difficult to study because of their size and
location. Two approaches to lymphatic imaging have been employed; cancer cell labeling provides
information on cell migration and metastasis and macromolecular contrast agents enable
visualization of the lymphatic drainage and identification of sentinel lymph node. Only one of these
approaches is typically employed during an imaging examination. Here, we demonstrate the
combined use of both approaches.

Method—In this study, we simultaneously visualize migration of quantum dot-labeled melanoma
cells and the lymphatics using optically labeled dendrimers in vivo.

Results—The appropriate use of two nanomaterials, quantum dots and dendrimers, enabled the
simultaneous tracking of cancer cells within draining lymphatics.

Conclusion—This technique could enable better understanding of lymph node metastasis.
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Lymphatic invasion is an important route for metastasis of cancer. The lymphatic channels
drain into sentinel lymph nodes, which are the first lymph nodes in a chain of nodes to receive
the afferent lymphatics of the tumor bed. Therefore, sentinel lymph nodes are an expected site
for cancer cell migration. Sentinel node identification has become an important procedure in
patients with melanoma [1,2] and breast cancer [3]. Previous in vivo imaging techniques have
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employed nanosized molecules and particles, which enable the visualization of lymphatic
drainage [4,5] and cell migration [6]. Cell labeling and lymphatic visualization are generally
separate studies. However, the simultaneous noninvasive in vivo imaging of both cancer cell
tracking and local lymphatic drainage with multicolor-fluorescence imaging has the potential
to demonstrate the relationship between cell migration and lymphatic-drainage patterns.

Quantum dots (QDs) have superior brightness and do not photobleach, thus making them
attractive agents for fluorescence labeling and long-term tracking of cancer cells [7]. However,
QDs have the propensity to be endocytosed by cells, especially by macrophages in lymph
nodes. Thus, QDs tend to be trapped by macrophages in the sentinel lymph node, remaining
there for at least a week, and therefore are not useful for depicting lymphatic drainage distal
to the sentinel node [8,9]. By contrast, dendrimer-based contrast agents, which are generally
smaller than QDs and show minimal interaction with cells, are retained within the lymphatics,
especially when their surface charge is modified with an appropriate coating or when
conjugated to specific fluorophores [10–14]. Dendrimer-based contrast agents are retained
within the lymphatics but are cleared from the sentinel lymph nodes within a day, enabling
repeated injections. In addition, dendrimer-based contrast agents can be labeled with organic
fluorophores (for optical imaging), radioisotopes (for scintigraphy) [14] and paramagnetic
lanthanoid ions (for MRI) [12,15]. With appropriate combinations of nanomaterials, such as
QDs and diethylene triamine pentaacetic acid (DTPA)-coated dendrimers, both lymphatic cell
tracking and functional depiction of lymphatic drainage can be simultaneously visualized.
Labeling with near-infrared (NIR) probes allows maximal transmission of light through tissue
in order to enable minimally invasive imaging in live mice as well as ex vivo histological
validation. In this study, we demonstrate in vivo cancer cell migration within the lymphatics
by simultaneously visualizing QD-labeled melanoma cells within optically labeled lymphatics
using fluorescent dendrimers in a mouse model.

Materials & methods
Chemicals

Carboxyl cadmium/selenium QDs, QD 655 ITK™ (peak emission wavelength at 655) and
amino-reactive Alexa Fluor® 660, 700 and 750, and cyanine-based organic fluorescent dyes
were purchased from Invitrogen Corporation (Carlsbad, CA, USA). Generation-6
polyamidoamine (PAMAM-G6) dendrimers with an ethylenediamine core, G6 interior,
maximum 256 terminal primary amino groups and a molecular weight of 58.048 Da was
purchased from Aldrich Chemical Co., (Milwaukee, WI, USA). 2-(p-isothiocyanatobenzyl)-
DTPA (SCN-Bz-DTPA; ~700 Da) was purchased from Macrocyclic (Dallas, TX, USA).

Cells
B16, a human melanoma cell line, was obtained from the American Type Culture Collection.
The B16 cell line was stably transfected with CXCR4 as previously reported [16], selected by
neomycin and cloned to create the B16CXCR4 cell line, which highly expresses the CXCR4
gene and shows enhanced cell migration.

The B16CXCR4 cell was grown in Dulbecco’s modified Eagle medium (DMEM; Life
Technologies, Gaithersburg, MD, USA) containing 10% fetal bovine serum (FBS; Life
Technologies), 0.03% L-glutamine (Life Technologies), 100 units/ml penicillin and 100 μg/
ml streptomycin (Life Technologies) in 5% CO2 at 37°C.
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Synthesis & quality control of half DTPA-coated dendrimer-based NIR fluorescence contrast
agents

Multicolor half DTPA-coated dendrimer-based NIR fluorescent contrast agents were
synthesized using a method similar to one previously published [14]. Briefly, PAMAM-G6
was used for the basic platform structure; its solution, concentrated to 12 mg (210 nmol) in 2
ml of 0.1 M phosphate buffer, was reacted with 60 mg (~85 μmol) of SCN-Bz-DTPA at 40°C
for 48 h at pH 8.5, coating half of the surface amine with DTPA and neutralizing surface
charges. The resulting preparation was purified by diafiltration using the Centricon 30 (Amicon
Co., Beverly, MA, USA).

The number of SCN-Bz-DTPA molecules conjugated per dendrimer was determined by a
previously described 111In-labeling assay [12]. Briefly, a 5 μl aliquot of the reaction mixture
was reacted with 111In chloride in 45 μl of 0.2 M sodium-acetate buffer at pH 4.2 for 1 h at
room temperature. The radiolabeled sample was analyzed with size-exclusion high-
performance liquid chromatography (equipped with a TSK G3000SWxL column, Tosoh
Bioscience LLC, Montgomeryville, PA, USA; 0.067 M PB, 0.1 M KCl, pH 6.8; 1 ml/min) and
an online radioactivity detector (Bioscan, Washington, DC, USA). The high-performance
liquid chromatography profile showed 30% of the total 111In-radioactivity was associated with
the PAMAM-G6 fraction. Therefore, 122 SCN-Bz-DTPA molecules were conjugated per one
PAMAM-G6 molecule.

Next, at room temperature, 2 mg (17 nmol) of G6-(Bz-DTPA)122 in 400 μl of 0.3 M
Na2HPO4 (pH 8.5) was rapidly mixed with 170 nmol (34 μl/5 mM) of either amino-reactive
Alexa 660, 700 or 750-succinoimidyl ester solutions in dimethyl sulfoxide, and the reaction
mixture was incubated for 15 min. The mixture was purified with Sephadex G-25 (Medium)
(PD-10; GE Healthcare, Milwaukee, WI, USA).

The concentration of Alexa 660, 700 and 750 in each probe was measured by their absorption
at 665, 703 and 753 nm, respectively, using the UV-visible spectroscopy (8453 Value UV-Vis
system, Agilent Technologies, Palo Alto, CA, USA) to confirm the number of fluorophore
molecules conjugated per G6 dendrimer molecule. The number of fluorophore molecules was
2.7, 3.3 and 2.9 for per G6-(Bz-DTPA)122 Alexa 660, 700 and 750, respectively.

Cell labeling with QD655
Cell labeling was performed with a carboxyl QD655 (Invitrogen Corp.) using electroporation
(GenPulseII, Bio-Rad Laboratories, Hercules, CA, USA). Briefly, 100 μl of the cell suspension,
containing 2 million B16CXCR4 cells mixed with 400 nM of QD655, was placed in a 2 mm
gap pulse cuvette (Bio-Rad Laboratories) and 150 V pulses were delivered after 500 cycles at
4°C. Immediately after electroporation, the cells were diluted to 5 ml in the culture media
(DMEM, Gibco, Gaithersburg, MD, USA) containing 10% FBS (Gibco) and 0.03% L-
glutamine and incubated for 30 min at 37°C. Labeled cells were repeatedly washed by
completely eliminating unbound QD655 from the supernatant, which was confirmed by
spectral fluorescence imaging (Maestro™ In-Vivo Imaging System, CRi Inc., Woburn, MA,
USA).

As a control, we labeled cells with QD655 using a conventional endocytosis method. QD655
Qtracker® cell-labeling kit was purchased from Invitrogen Corp., which is used to monitor
streptavidin-induced endocytosis of QDs. We incubated 2 million B16CXCR4 cells mixed
with 20 nM of QD655 Qtracker in the same DMEM for 30 min at 37°C. The QD655-labeled
cells were washed three times to eliminate the unbound QD655 Qtracker.
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Validation of cell labeling
The fluorescence intensity of labeled cells was determined by macroscopic, microscopic and
flow cytometry analysis. Immediately after the cells were washed the cell pellet was imaged
by spectral fluorescence imaging (Maestro). Then 10 μl of cell suspension was examined by
a fluorescence microscopic system (BX61, Olympus America Inc., Center Valley, PA, USA),
with an excitation/emission filter set of 530–570 nm band pass and 590 nm long pass,
respectively. Next, the fluorescence intensity of each cell was measured by flow cytometry
(FACSCalibur™ flow cytometer, Becton Dickinson, Franklin Lakes, NJ, USA) using 488 nm
excitation laser and 650 long pass emission filters.

In addition, to validate the electroporation technique for cell labeling, cell labeling was
performed with the same protocol shown earlier with different QD655 concentrations, 0, 4,
10, 40, 100 and 400 nM. Labeled cells were analyzed by flow cytometry at the same settings.

Cell tracking study
All in vivo 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
National Cancer Institute Animal Care and Use Committee. Immediately after the cells had
been washed, and the cell-labeling efficacy validated, cells were suspended in phosphate-
buffered saline at 20 million/ml and injected as a 50 μl solution into the lower lip of 8–10-
week-old female nude mice.

In vivo multiple excitation spectrally resolved four-color fluorescence imaging
Simultaneous cell tracking and lymphatic flow imaging was performed either 6 or 24 h after
injection of QD655-labeled B16CXCR4 cells (n = 4 in each group). Lymphatic flow imaging
was performed with serial intradermal injections of the half-coated G6 dendrimer-based Alexa
660 agent in the right ear, the half-coated G6 dendrimer-based Alexa 700 in the left ear and
the half-coated G6 dendrimer-based Alexa 750 in the lower lip, where QD655-labeled
B16CXCR4 cells were injected. All dendrimer-based contrast agents were serially injected 5
min before the images were taken. Multiple excitation spectral fluorescence imaging was
performed with sequential filter sets (green: excitation 503–555 nm band pass, emission 580
nm long pass; deep red: excitation 671–705 nm band pass, emission 750 nm long pass). Animals
were placed in the supine position whilst under pentobarbital anesthesia. The injection sites
were masked with a nonfluorescent black tape because the signal from the injection site would
otherwise overwhelm the dynamic range of the camera, rendering the unmixing algorithm
nonfunctional. After obtaining in vivo images, lymphadenectomy was performed and another
spectral fluorescence image was obtained intra-operatively. All of the removed lymph nodes
were validated by exvivo spectral fluorescence imaging. The tunable filter was automatically
stepped in 10-nm increments from 600 to 950 nm for both filter sets, using the 10:1 exposure
time for images captured with green and deep red filter sets at each wavelength. Each
acquisition with this two-excitation spectral fluorescence imaging technique took
approximately 2 min. Collected images were analyzed by the Maestro software (Nuance™ Ver
2.4, CRi, Inc.), which uses multispectral unmixing algorithms to separate autofluorescence
from QD655 and NIR dye signals. A composite image consisting of all four fluorescent signals
and autofluorescence was generated using a spectral library obtained from each lymph node
injected with either G6-(Bz-DTPA)122-(NIR)4 or QD655 solutions.
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Results
Validation of cell labeling

For cell tracking we employed a melanoma cell line, B16CXCR4, that has been stably
transfected with the chemokine receptor CXCR4 gene to a parental B16 melanoma cell line
[16]. The presence of CXCR4 enhances in vivo cell migration leading to early metastases
[17]. Cell labeling was performed with a carboxyl cadmium-selenium QD (QD655; peak
emission: 655 nm) using an electroporation technique. After repeatedly washing the cell to
eliminate unbound QD655, cells were suspended in phosphate-buffered saline at 20 million/
ml and injected as a 50 μl of cell solution into the lower lip of 8–10-week-old female nude
mice. The fluorescence intensity of each cell was measured by flow cytometry and increased
as the concentration of QD655 in the cell suspension increased (Figure 1A). QD655 was
diffusely distributed in the cytoplasm of B16CXCR4 cells (Figure 1B). Scattered QD655-
labeled cells were bright enough to be visualized with a macroscopic spectral fluorescence
animal imager (Figure 1C).

Multicolor in vivo lymphatic functional imaging
For lymphatic imaging, three different NIR-labeled PAMAM G6 half DTPA-coated
dendrimers were synthesized with Alexa 660, 700 and 750, and SCN-Bz-DTPA using similar
methods to those previously reported [14]. Simultaneous cell tracking and lymphatic flow
imaging was performed 6 and 24 h after injection of QD655-labeled B16CXCR4 cells.
Lymphatic imaging was performed with serial intradermal injections of DTPA-coated
dendrimer-bound G6-Alexa 660 agent in the right ear, G6-Alexa 700 in the left ear and G6-
Alexa 750 in the lower lip, where QD655-labeled B16CXCR4 cells were injected. Multiple
excitation spectral fluorescence imaging was performed with two sequential filter sets (green:
excitation 503–555 nm band pass, emission 580 nm long pass; deep red: excitation 671–705
nm band pass, emission 750 nm long pass). After obtaining in vivo images, a lymphadenectomy
was performed and another spectral fluorescence image was obtained during surgery. All
removed lymph nodes were confirmed by ex vivo spectral fluorescence imaging. Spectral
fluorescence imaging at 6 h postinjection of QD655-labeled B16CXCR4 cells depicted a clear
signal from the proximal rim of the superficial cervical lymph nodes (Figure 2A) and a weaker,
diffuse homogeneous signal from the same lymph nodes 24 h postinjection (Figure 2B).

The different lymphatic drainages of the neck were clearly visualized with distinct colors in
all mice (Figure 2). The lymph nodes, which showed the strongest QD655 signal at 6 h
postinjection, demonstrated the greatest drainage from the injection site. Spectral fluorescence
imaging during surgery showed that the QD655 signal emanated only from the proximal rim
of the sentinel lymph node with regard to the injection site of QD655-labeled B16CXCR4 cells
(Figures 2A & 3C). Microscopic fluorescence images of the frozen sections of respective lymph
nodes directly corresponded to the in vivo and intraoperative imaging (Figure 3). In the lymph
nodes, the appearance of QD655-labeled B16CXCR4 cells coincided at the rim (subcapsular
sinus) and the travecula with the visualization of lymphatic flow at 6 h postinjection (Figure
3A & C), but by 24 h they were diffusely distributed within the lymph node and located more
in the follicles which were further away from the lymphatic drainage than the travecula (Figure
3B & D). QD655-labeled B16CXCR4 cells also migrated to the secondary draining lymph
nodes 24 h after injection as detected by in vivo imaging (Figure 2B) and validated in Figure
4.

Discussion
Cell labeling for lymphatic imaging poses a challenge. A common method of cell labeling is
to genetically label cells with endogenous fluorescent proteins. Fluorescent proteins are
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excellent endogenous fluorescence emitters [18,19], but must be transfected into cells, which
makes them unlikely to be permitted for use in humans in the near future [20]. An alternative
cell-labeling method uses exogenous fluorescent probes and labels the cells via endocytosis
(or pinocytosis). Endocytosis is the biological process whereby the cell engulfs the exogenous
fluorescent materials in the endolysosome (Supplementary Figure 1A) (see online
www.futuremedicine.com/toc/nnm/4/4). Endocytosis is relatively easy to induce and can be
accomplished quickly (within 1 h) in most cancer cells. The fluorescence yield is comparable
with cell labeling using endogenous fluorescent proteins [21]. By using transfection reagents
including cationic liposomes, dendrimers, streptavidin and Tat-peptides, pinocytosis can be
accelerated, resulting in highly efficient cell labeling. However, degradation of the engulfed
nanoparticle (e.g., iron oxides) occurs in the lysosome after endo/pinocytosis and could affect
the stability of some fluorophores [22]. Another cell-labeling method is electroporation,
wherein electric currents cause mechanical loosening of the cell membrane allowing exogenous
fluorescent materials into the cytoplasm, where the chemical environment is less harsh. The
electroporation method has recently been used for cell labeling with various nanomaterials
[23–25]. Since cell labeling with electroporation is caused by passive diffusion, the cell-
labeling efficacy with electroporation is lower than the method employing endocytosis
(Supplementary Figure 1B), but has the advantage of more precise control because the process
is concentration dependent (Figure 1). Nevertheless, electroporation can temporally loosen the
cell membranes and damage the intracellular integrity, a process that typically recovers within
4 h (Supplementary Figure 2). For short-term imaging experiments, QDs with organic NIR
fluorophores can be used as an alternative to QDs. However, since QDs are highly resistent to
photobleaching and biodegradation, cell labeling with QDs is expected to last longer and to be
preserved even during histologic analysis. However, in any particular cell type, either
electroporaton or endocytosis might be preferable [26]. The appropriate subcellular
localization of nanomaterials for cell labeling might help to minimize the toxicity from heavy
metals such as cadmium and gadolinium which can be found in QDs or MRI contrast agents
[25,27].

We demonstrate the simultaneous visualization of metastatic cells within enhanced lymphatics
using multicolor imaging. Dendrimers were chosen to visualize the lymphatics since nanosized
particles and molecules are normally drained by the lymphatic system, and interstitial injection
of contrast agents with high molecular weights results in visualization of the lymphatic vessels
[4,28]. Similarly, successful dendrimer-based agents have been labeled with radionuclides
[14], paramagnetic lanthanides [5,29] and fluorophores, singly or in combination [30]. Prior
results with gadolinium-labeled dendrimer-based contrast agents suggest that relatively large
nanoparticles (~10 nm diameter) were optimal for visualizing regional lymphatics following
intracutaneous injection [29,31]. Carboxyl QDs, which are in the optimal hydrodynamic size
range for lymphatic imaging, were trapped more efficiently by macrophages than surface-
coated dendrimer-based reagents and therefore might require surface modification to evade
phagocytosis, although the modification would alter the size of the QDs and potentially
compromise their ability to enter the lymphatics. In reality, carboxyl QDs did not show a
noticeable washout from the first draining (sentinel) lymph node for up to 3 h postinjection
with intense uptake by macrophages, but rarely depicted secondary draining lymph nodes [8,
9]. By contrast, NIR-labeled IgG and gadolinium-labeled fully-coated dendrimer showed peak
accumulation within 1 h postinjection and complete washout from the brightest lymph node
within 1 day [32,33]. Therefore, QDs stayed in the first draining lymph node longer than NIR
dye-labeled IgG or surface-coated dendrimers with similar hydrodynamic sizes. In addition,
the multiple excitation spectral fluorescence imaging technique enabled us to perform
multicolor imaging with good sensitivity using multiple organic NIR fluorescent dyes similar
to QDs. Overall, surface-coated dendrimer-based NIR fluorescence contrast agents are an
appropriate choice for lymphatic functional imaging.
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Conclusion
Each nanomaterial displays different physical, chemical, biological and pharmacological
characteristics, which can be harnessed for specific applications. Here, we demonstrate that
combining two nanoparticles has the potential to simultaneously track cancer cells as well as
visualize local lymphatic function. This may enable study of the physiological mechanisms
underlying lymphatic metastases for basic cancer research. In addition, this finding can provide
evidence that dendrimer-based lymphatic imaging can correctly depict the sentinel lymph
nodes, which may ultimately have a clinical application.

Future perspective
The lymphatic system is a complex network of lymph vessels, lymphatic organs and lymph
nodes. Traditionally, imaging of the lymphatic system has been based on conventional clinical
imaging methods such as CT, MRI and PET, and ultrasound. None of these techniques are
capable of detecting both lymphatic drainage patterns and lymph nodes. Interstitial injection
of radiolabeled nanoparticles (lymphoscintigraphy) has the disadvantage of poor resolution
and is unable to simultaneously visualize multiple lymphatic functions: lymphatic drainage
and cell migration. Therefore, this multicolor optical imaging method using two nanomaterials
could help our understanding of how cells metastasize to lymph nodes and how the lymphatics
facilitate this. In addition, since this optical imaging method can be performed relatively
inexpensively, the method could, in part, be translated to the clinic, especially for the diagnosis
and treatment of lymphatic metastasis from melanoma and breast cancer.

Executive summary

• Both pinocytosis and electroporation efficiently label melanoma cells with
quantum dots (QDs).

• The electroporation method was able to precisely control labeling of melanoma
cells by adjusting the concentration of QDs.

• The electroporation cell-labeling method resulted in cytoplasmic accumulation of
QDs which may be preferable to endolysosomes with their harsher chemical
environment.

• Dendrimer contrast agents were used to simultaneously visualize multiple
lymphatic drainages to the sentinel lymph nodes in distinct colors.

• Melanoma cells initially migrated along the lymphatic draining flows into the
sentinel lymph nodes.

• Melanoma cells migrated away from the lymphatic draining flows and stayed in
the lymph node cortex for 1 day after injection.

• Melanoma cells migrated along the lymphatic vessels into the secondary lymph
nodes 1 day after injection.

• Multicolor imaging with two distinct nanomaterials enabled the simultaneous
visualization of both melanoma cell migration and lymphatic drainage into sentinel
and secondary lymph nodes.

• This imaging technique could be a useful tool in developing a better understanding
of how cells metastasize to lymph nodes and how the lymphatics facilitate this
process.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Quantum dots label B16CXCR4 cells in a concentration-dependent manner
(A)A histogram chart of a flow cytometry and (B) microscopic and (C) macroscopic
fluorescence images of quantum dot (QD)655-labeled B16CXCR4 cells are shown.
B16CXCR4 cells are efficiently labeled with the QD655 concentration dependently shown in
the flow cytometry (A). The labeled cells emit bright fluorescence under the microscope
((B) 50 ms image) as well as in a macroscopic image ((C) 10 ms image).
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Figure 2. Simultaneous fluorescence imaging of quantum dot 655-labeled B16CXCR4 melanoma
cells migrating into lymph nodes and lymphatic drainage demonstrating that cancer cells migrate
along local lymphatic channels before invading the lymph nodes
(A) 6 h after injection of B16CXCR4 cells. (B) 24 h after injection of B16CXCR4 cells. QD655
signal from B16CXCR4 cells is shown in blue. The lymphatic flows from the right and left
ears, and the lower lip in which B16CXCR4 cells were injected are shown in green, yellow
and red, respectively. The part of the superficial cervical neck lymph node shown in pink
represents the mixed color of blue and red where colocalized B16CXCR4 cells (blue) and the
lymphatic flow from the lower lip (red) coincide. Images of one mouse in each group are shown.
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Similar images were obtained from the other three mice in each group. LN: Lymph node; QD:
Quantum dot.
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Figure 3. Fluorescence microscopy demonstrating peripheral enhancement followed by diffuse
enhancement
(A) 6 h after injection of B16CXCR4 cells. (B) 24 h after injection of B16CXCR4 cells.
Quantum dot (QD)655 signal from B16CXCR4 cells is shown in green. All lymphatic flows
are shown in red. At 6 h after injection of B16CXCR4 cells, the majority of QD655-labeled
B16CXCR4 melanoma cells are located at the proximal rim (subcapsular sinus) of the
superficial cervical neck lymph node to the lower lip. Scattered QD655-labeled B16CXCR4
are also found in the travecula, colocalized with the lymphatic flow. At 24 h after injection of
cells, the QD655-labeled B16CXCR4 cells diffusely distributed in the entire sentinel lymph
node and located in higher quantities in the follicles, which are further away from the lymphatic
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flows (depicted with dendrimer-based lymphatic flow agents in red) than the subcapsular sinus
and the travecula. To facilitate the understanding of microscopic images, schemas of in vivo
lymphatic flow and cell migration are shown. (C) 6 h after injection of B16CXCR4 cells.
(D) 24 h after injection of B16CXCR4 cells. Cells are shown in green and the lymphatic flows
are shown with red arrows.
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Figure 4. Cell migration to the secondry draining lymph nodes
(A)The secondary draining sentinel LN (the left deep neck LN; arrows) did not show a QD655
signal from B16CXCR4 cells in an ex vivo LN macro-image at 6 h after injection and contained
small numbers of scattered QD655-labeled cells (green), which were shown in a microscopic
image of the frozen section ((A) ×40). (B) By contrast, the same LN showed a QD655 signal
from B16CXCR4 cells in an ex vivo LN macro-image at 24 h postinjection and contained a
large number of QD655-labeled cells (green) migrated mostly along with the lymphatic flow
(red), which were shown in a microscopic image of the frozen section ((B) ×40). LN: Lymph
node; QD: Quantum dot.
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