
Biochemical and Biophysical Research Communications 314 (2004) 46–53

BBRC
www.elsevier.com/locate/ybbrc
Applications of T-lymphoma labeled with fluorescent quantum dots
to cell tracing markers in mouse body

Akiyoshi Hoshino,a,b Ken-ichi Hanaki,a Kazuo Suzuki,b and Kenji Yamamotoa,*

a Department of Medical Ecology and Informatics, Research Institute, International Medical Center of Japan, 1-21-1 Toyama,

Shinjuku, Tokyo 162-8655, Japan
b Department of Bioactive Molecules, National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku, Tokyo 162-8640, Japan

Received 25 November 2003
Abstract

Photoluminescent semiconductor quantum dots (QDs) are novel nanometer-size probes that have found bioimaging. Here we

imaged a cell line of mouse lymphocytes. QDs were actively taken into the target cells by endocytotic pathways. The fluorescence of

QDs held in the endosomes could be studied for more than a week and remained stable luminescence against cell activation induced

by concanavalin A, phytohemagglutinin, phorbol myristate acetate, and calcium ionophore A23187. These results suggested that

QD-labeling was stable and did not affect either cell activation or cell function. When QD-labeled cells were intravenously injected

into mouse, they remained in the peripheral blood in a concentration of approximately 10% up to 5 days after injection using both

fluorescence microscopy and flow cytometry. In addition, approximately 20% of QDs were detected in the kidneys, liver, lung, and

spleen and could still be observed 7 days after injection. These results suggested that fluorescent probes of QDs might be useful as

bioimaging tools for tracing target cells over the period of a week in vivo.

� 2003 Elsevier Inc. All rights reserved.
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Ultrafine nanocrystals are expected to be used widely

in biotechnology and medical applications for separating
biomaterials, immunoassay, diagnostics, and drug-carri-

ers that are applied to the drug delivery systems [1–6].

Quantum dots (QDs) are novel inorganic fluorophores

that consist of CdSe/ZnS-core/shell semiconductor

nanocrystals. QDs have several advantages over organic

fluorophores. QDs show high luminance, resistance to

photobleaching, a range of excitement wavelengths from

ultraviolet to red that depend on the size of the particles,
and cover a range of fluorescent wavelengths from blue to

red that can be excited using a mercury arc lamp [7,8]. At

present, many organic fluorophores such as fluorescein

isothiocyanate (FITC) and carboxyfluorescein diacetate

succinimidyl ester (CFSE) have been used in various bi-

ological applications, such as fluorescent-labeled anti-

bodies and molecules that are used to stain cells or cellar

organs [8,9]. Experiments using organic dyes are limited
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to short-time assays such as flow cytometry due to the

lifetime of fluorescence. Those dyes were not suitable for
extended periods of bioimaging observations using fluo-

rescent and confocal microscopy because organic flu-

orophores tend to quench rapidly [6,10]. Furthermore, it

is sometimes difficult or impossible to record fine fluo-

rescent images while the organic coloring probes fade in

the course of adjusting the focus. In contrast, QDs are

stabilized over a far longer exposure-time to light and can

emit a fluorescence of high luminosity at an almost
equivalent condition as the conventional organic fluo-

rescence probes.

Initially, chemically synthesized QDs have not been

applied to biochemical applications because they do not

dissolve in water. Since hydrophilic surface treatment of

QD was developed, the application range of QDs has

been rapidly spreading to bioimaging [11–13]. However,

QDs can easily aggregate at acidic- and even in isotonic-
conditions because they are unstable in either acidic or

saline conditions. Hence, QD-conjugated biomolecules

are difficult to produce because most of the biomolecules
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exist in the isotonic condition in vivo [14]. The molecules
that can conjugate with QDs are few: streptavidin, oli-

gopeptides, and some antibodies [13,15,16]. We have

considered methods to stabilize QDs in biological solu-

tions such as culture media [11,17]. We previously ex-

amined albumin from 10 species to assess efficient

stabilization since QDs could be conjugated to albumin

non-specifically [17]. Time-lapse study of the intracel-

lular distribution of QDs in culture cells has already
been performed and the endosomal vesicles including

QDs were observed [17]. In this study we assessed

whether QDs could be applied to various applications

using labeled cells for the purpose of long-time tracing.

Labeled concentration of QDs did not appear to show

any signs of cytotoxicity. Although there are many ap-

plications where QDs are used as dyes to stain mam-

malian cells and bacteria in vitro [17,18], no applications
have been demonstrated where QDs can be used in cells

that are transplanted into the living animals.
Materials and methods

Reagents and preparation of albumin-conjugated QDs. CdSe/ZnS-

core/shell QDs (fluorescence wavelength: 520 nm) were conjugated

with sheep serum albumin fraction V (Sigma) according to our study,

as previously reported [17]. Briefly, albumin-conjugated QDs were

prepared by mixing equal volumes of QD-sodium salt solution (10mg/

ml) and sheep albumin solution (10mg/ml) in the presence of EDC (1-

ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride) coupling

reagents purchased from Pierce Biochemical. The mixture was incu-

bated for 30min at room temperature and applied to a Sephadex G-25

column (Amersham Biosciences) to remove the excess fraction of re-

agents. The QD-working solution was prepared by diluting the QD-

mixture with DMEM/F-12 culture media (Gibco), immediately filtered

with a 0.1-lm centrifuge membrane filter (Millipore, Ultrafree-MC),

and centrifuged at 10,000g for 10min before use.

Assessment of QD-Uptake by cells. EL-4 cells, which were estab-

lished from murine T-cell lymphoma, were cultured in DMEM/F12

supplemented with 5% heat-inactivated fetal bovine serum at 37 �C.
The cells were plated at a volume of 1� 106 cells/well on a 12-well

culture plate (Iwaki) and were stimulated with the indicated concen-

tration of QDs. After incubation, the cells were harvested and washed

with phosphate-buffered saline (PBS) twice to remove the non-specific

binding QDs. The cells were stained with 100lg/ml propidium iodide

solution. Then the cells were fixed with 10%-formaldehyde neutral

buffer. As many as 1� 106 cells were analyzed by flow cytometer

(JASCO CytoAce300). Fluorescence was excited using argon laser

(488 nm). Detection was triggered by forward-angle light-scattered

signals at wavelength of 520 nm. Images were acquired with a digital

camera D1X (Nikon) on a fluorescent microscope IX-81 (Olympus)

using WIBA mirror unit to adjust the excitation wavelength to 470–

490 nm and oil immersion objective lens.

Mice and separation of the cells and organ. BALB/c AnNCrj-nu/nu

(nude) mice (5w, male) were purchased from Charles River Japan Inc.

EL-4 cells used for administration were pre-stained with a PKH26 Red

Fluorescent Cell Linker Kit purchased from Sigma before stimulation

with albumin-conjugated QDs. The cells holding QDs were collected

2 h after stimulation and resuspended to the concentration of

5� 107 cells/ml in serum-free DMEM/F12. Two hundred microliters of

cell-suspended solution was intravenously injected to mice. The mice

were sacrificed 2 h, 1 day, 3 days, 5 days, and 7 days after injection and
the peripheral blood was collected. The blood was laid onto a Ficoll–

Metrizoate density gradient (Histopaque-1083 solution, Sigma) and

centrifuged at 700g for 30min at room temperature to form a distinct

layer at the plasma-media interface. The leukocyte fraction including

EL-4 cells was separated from the interface of the two solutions. Then

contaminated erythrocytes were removed by 2 washes in ACK-lysis

buffer (150mM NH4Cl, 1mM KHCO3, and 0.1mM EDTA, pH 7.4).

Each lysis was performed by incubating for 5min at room temperature

followed by washing the cells with PBS twice. Fluorescence intensity of

QD-holding cells was detected by flow cytometric analysis and by

fluorescent microscopy.

Collected kidney, liver, lung, and spleen organs were immediately

washed three times by PBS to remove retained erythrocytes. Then each

organ was incubated with 4% paraformaldehyde for 2 h at room

temperature. After soaking, the organs were washed and incubated

with 70% ethanol at 4 �C overnight. After embedding into paraffin, the

section was sliced to 10lm thickness. The section was affixed to slide

glass (Matsunami).
Results and discussion

Many researchers have applied various techniques to

recognize the introduced target cells specifically; labeled

cells directly with organic fluorophores like CFSE [8,9],
dyed X–Y chromosome by fluorescence in situ hybrid-

ization (FISH) using sex-mismatched target cells [19],

transformed the gene coded specific molecule like green

fluorescent proteins (GFPs), various kind of luciferases,

or some cell surface expressionmolecules, etc. [20,21]. But

unfortunately, it gets hanged up and it is costly to detect

the target cells by these procedures. To remove those

problems, we assessed the possibility of using QDs as the
markers for the introduced target cells in vivo. First, we

examined how long it took for the EL-4 cells to take up

the albumin-conjugated QDs. EL-4 cells were plated at

1� 106 cells/well and stimulated with 0.1mg/ml QDs for

15, 30, and 60min at 37 �C. Shown in Fig. 1A, the QDs

were adherent to the cell surface 15min after incubation.

The vesicles including QDs started to form 30min after

incubation and QDs were recruited into the cellular
granules after 60min.We assumed that this uptake would

be inhibited at chilled conditions if it were performed via

endocytotic pathways. To investigate whether this uptake

reaction was dependent on their temperature, EL-4 cells

were cultured with QDs at chilled condition. As expected,

QDs were also found adhering to the cell surface, but

uptake into the cell vesicles was blocked even after 60min

incubation (Fig. 1A). In addition, re-incubating the cells
at 37 �C, the QD uptake into the cells recovered again

(Fig. 1B). This adhesion is not detached by washing the

QD-holding cells and fluorescence of the cells was mea-

sured by flow cytometry, which was the same as at 37 �C
conditions. These results suggested that uptake of QDs

into the cells occurs via endocytotic pathways. This in-

dicated that processing for 15min to stain the cell surface

is sufficient for the purpose of short-time cell tracing.
Thus, QDs can become an effective cell marker for several

days after only short-time treatment of the cell.



Fig. 1. Uptake of albumin-conjugated QD by EL-4 cells was

dependent on temperature. (A) EL-4 murine lymphocytoma cells

were plated and stimulated with albumin-conjugated QD at the

concentration of 0.1mg/ml and incubated for 15 and 60min at 37

and 4 �C conditions. QD- labeled cells were observed by fluorescent

microscopy. The bright green granules indicated fluorescence emitted

from QDs. (B) Cells were pre-incubated for 20min before stimula-

tion. Then the cells were stimulated with QDs for 60min at 4 �C
condition and re-incubated at 37 �C for the indicated time. Bars

indicate 10 lm. In all the figures, the observation data represent one

out of three performed.

Fig. 3. QDs labeled on EL-4 cells were observed more than a week in

vitro. (A) The upper graphs show a comparison between the growth

curve of the unlabeled and QD-labeled EL-4 cells; open circles indi-

cated the number of control cells and the closed circles are the QDs,

respectively. The lower graphs show the relative fluorescence intensity

of 105-collected cells measured by spectrofluorometer (JASCO, FP-

6500); open circles indicated the fluorescence intensity of the control

cells and the closed circles are the QDs, respectively. Each Graph in

right lanes shows the logarithmic scales corresponding to the left ones.

The data are presented as means� standard deviation. (B) EL-4 cells

were stimulated with QDs at 0.1mg/ml concentration. The cells were

incubated for 1, 3, 5, 7, and 10 days. The cells were harvested, stained

with propidium iodide for detection of dead cells, and observed by flow

cytometry and fluorescent microscopy, as in Fig. 1. The fluorescence

intensity of the QD-holding cells in 106-collected cells was measured by

flow cytometric analysis and the cell population in each region was

calculated by CytoAce300 analyzer (JASCO).
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When QDs were used as long-term tracing markers,

the acute cytotoxicity of QDs raises a problem. To

investigate the relation between concentration and cy-

totoxicity of QDs, we assessed the cell viability after

QD-stimulation. The cells were cultured at the concen-
tration of 0.1, 0.2, and 0.4mg/ml of QDs for 24 h and

stained with propidium iodide to detect dead cells. As

the fluorescence intensity of QD-holding cells increased

by the concentration of QDs, the number of dead cells

also increased (Fig. 2). The cytotoxicity was observed in

proportion to the concentration of QDs and almost all

of the cells were dead at 0.4mg/ml more than 6 h after

incubation. However, no remarkable cytotoxicity was
observed at 0.1mg/ml. Since using a high-concentration

of QDs induced the cell death, we decided to use QDs at

0.1mg/ml concentration.

Next we also examined how long QDs could be re-

tained in the cells. To investigate this, EL-4 cells were

further cultured after stimulation with QDs. Cell growth

of EL-4 cells was choked by stimulation with QDs even



Fig. 2. The cytotoxicity of albumin-conjugated QDs depends on the QD-concentration. EL-4 cells were stimulated with culture media alone or with

albumin-conjugated QD at the concentration of 0.1, 0.2, and 0.4mg/ml. Cells were incubated for 3, 6, 12, and 24 h at 37 �C. The cells were harvested,
stained for observation of dead cells, and measured by flow cytometric analysis. Fluorescence was measured by flow cytometry using an argon laser

(488 nm). Detection was triggered by forward-angle light scattered signals. In the graphs, the relative cell number is given on the y-axis and the

fluorescence intensity of QDs on the x-axis. Dotted lines in the graphs indicate the fluorescence medium of the unstimulated cells.
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in 0.1mg/ml concentration (Fig. 3A, upper graphs).

Whereas the growth of both cells conformed to loga-

rithmic growth phase, the doubling-time of QD-labeled

cells was about 24 h and took 4 h longer than unlabeled

cells (approximately 20 h). The fluorescence intensity of

QD-labeled cells was logarithmically attenuated, but the

attenuation ratio became lower after 24 h incubation
(Fig. 3A, lower right). Moreover, the QDs that remained

in the cells could be observed for more than a week

(Fig. 3B). Approximately 10% of the cells still held QDs

after 10 days culture, but fluorescent intensity of cells

gradually decreased and highly concentrated in endo-

somes. This concentration of QDs was compatible with

our previous study in Vero cells [17], implying that this

labeling of cells by QDs could be applied not only ad-
herent cell but also the cells that have the property of

less endocytotic action and high-proliferation rate cells

such as lymphocytes.

It is known that T cells were activated with various

immune stimulants. Then, we investigated whether la-
beling of QDs held in the cells would be influenced by

those stimulations. EL-4 cells were exposed to various

stimulants after labeling of QDs. After stimulation, EL-

4 cells were highly aggregated by stimulation with ConA

and PHA. But no significant change was observed by

stimulating for 24 h (Fig. 4). These results suggest that

labeling of QDs were stable, and were not affected by
either cell activation or cell function.

Then we compared the fluorescence of QD with those

of other organic probes at the points of fluorescence

intensity and photostability. Shown in Fig. 5A, fluo-

rescence intensity of both QD and organic probes was

approximately equivalent in the moment of excitation

in the case of flow cytometric analysis. However after

long-term exposure, e.g., long time observation using
microscopes, fluorescence from organic probes was

eliminated rapidly and almost disappeared within a

minute (Fig. 5B). In contrast, the QDs kept emitting

bright fluorescence for more than 30-min continuously

(Fig. 5C).



Fig. 4. Fluorescence of QDs was stable against activation of EL-4 cells.

EL-4 cells were incubated with QD at 0.1mg/ml concentration for 3 h.

Then the cells were washed twice with DMEM and stimulated with

1 lg/ml ConA, 5 lg/ml PHA, and both 10 ng/ml PMA and 1 lM
A23187. The cells were collected 12 and 24 h after stimulation. The

cells were observed using a fluorescent microscopy, as in Fig. 1.

Fig. 5. Fluorescence of QDs was superior to that of organic flourophores w

organic dyes were observed by fluorescent microscopy and flow cytometric

tometry and fluorescent microscopy, as in Fig. 1. (B) Observation of photost

and images were taken using D1X digital camera equipped with fluorescen

conditions were the same as described in Fig. 1. (C) The photostability of Q

intensity between QDs and the organic probes. The snapshots shown in Fi

Photoshop 7.0. Open circles indicate organic probes and closed circles are th
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Next we considered the survival of QD-labeled cells
in vivo. The cells labeled by QDs were intravenously

injected into mice. The cells injected into mice were

observed in the peripheral blood for 5 days after injec-

tion by microscopic analysis (Fig. 6). The fluorescence of

QD-labeled cells was also observed until 5 days after

injection, but the fluorescence intensity of cells was

much smaller than expected. Unfortunately, fluores-

cence of PKH-dye was observed from cells by using
neither microscopy nor flow cytometric analysis (data

not shown). However, approximately 70% of QD-

labeled cells were eliminated from blood circulation

within 2 h after injection. We assumed that the excess

number of QD-labeled cells would be homing on the

other lymphatic tissue, as T-cell population in whole

peripheral blood usually remained at approximately

20%. As expected, many cells including QDs were ob-
served in spleen sections at 2 h after injection (Fig. 7A).

In 2 h images, QD-labeled cells remained in the fringe

area of white pulp and red pulp. After 5 days, fluores-

cence emitted from QDs was located in white pulp area.

This result concurs with the fact that T-lymphocytes

were first observed in red pulp and then moved and then
ith respect to the fluorescent lifetime. (A) Cells stained with QDs and

analysis. The cells were harvested, stained, and analyzed by flow cy-

ability of organic probe (PHK67). The cells were continuously excited

ce microscope IX-81 at the indicated time by a 1.0 s exposure. Other

Ds, as described in (B). (D) Comparison of the relative fluorescence

gs. 3B and C were calculated using the histogram analysis of Adobe

e QDs, respectively.



Fig. 6. Intravenously injected QD-labeled cells remained for several

days in the peripheral blood. EL-4 cells used for administration were

pre-stained with PKH26 Red Fluorescent Cell Linker Kit (Sigma)

before incubated with 0.1mg/ml QD. Then the cells were collected and

re-suspended in serum-free DMEM and intravenously injected into the

mice. The mice were sacrificed at indicated days (n ¼ 2). The fluores-

cence intensity of the QD-holding cells was measured and calculated

by a CytoAce300 analyzer, as shown in Fig. 3. In the right graphs, the

forward scattered is given on the y-axis and side scattered on the x-axis.
Shown numbers in inset mean the percentage of cells in upper right

region of graphs. As positive control, an equivalent number of QD-

labeled cells were added into the blood separately.

Fig. 7. QD-labeled EL4 was located into kidney, liver, lung, and

spleen. (A) The fluorescence images of sliced spleen collected 2 h, 1 day,

3 days, and 5 days after administration (n ¼ 2). (B) The fluorescence

images of the kidneys, liver, lung, and spleen 7 days after adminis-

tration. The cells were observed by fluorescence microscopy, as in Fig.

1. Arrowheads indicate the location of QD-holding cells.
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accumulated in the splenic white pulp. In addition, QD-

labeled cells could be detected in sections of the kidneys,

liver, and lung in 7 days (Fig. 7B). The estimated value

of QDs in each organ calculated in accordance with

QDs contained in each section is shown in Table 1. This

result suggests that approximately 20% of injected cells

were present in those organs 7 days after injection.

Our results suggested that the QDs could be used as a
cell-tracing marker, especially for that of the trans-

planted target cells. QDs could enable high luminescent

labeling of target cells easily and these applications
could also be applied to flow cytometric analysis. In this

study, we performed the labeling of QDs in EL-4 lym-

phocytoma cell lines by cellular endocytotic pathways.

This result indicated that it is possible to tag target cells

only by adding albumin-conjugated QDs into the cul-
ture media. In addition, the injected QD-labeled cells

were observed up to 5 days in this experiment. However,

some of the QDs were eliminated from the cells after a

long-time incubation time even in vitro, and the ob-

served number of cells was smaller than expected; the

number of cells observed 2 h after injection was quarter

of the anticipated value and it decreased to 1/6 by next

day. It was not elucidated in this research why QD
labeled cells were disappearing from the body in these

experiments, but we can presume three possibilities by

our study. The first possibility was the attenuation of

QDs from endosomes by cell division. As shown in

Fig. 3, labeled QDs have already been detached in most

of the labeled cells, even though a few QD-labeled cells

remained for over a week in vitro. The fluorescence in-

tensity of QD-labeled cell population was attenuated
within first 24 h, but fluorescent attenuation ratio



Table 1

The estimated number of injected cells labeled by QDs contained in each organ at indicated days after injection

Time Organ QD-labeled cells in each section

(cells/section)

Estimated cell numbers in each

organ (�104 cells/organ)

2 h Spleen 605� 133 41.2� 13.4 (4.1%)

Kidney Not detected Not detected

Liver 1.0� 1.0 0.58� 0.63 (0.06%)

Lung 46.7� 18.0 18.6� 71.9 (1.86%)

3 days Spleen 97.7� 27.7 6.64� 2.44 (0.66%)

Kidney 0.33� 0.58 0.04� 0.07 (0.004%)

Liver 2.0� 1.0 1.16� 0.68 (0.12%)

Lung 47.3� 5.0 18.5� 2.15 (1.85%)

7 days Spleen 72.0� 10.8 4.90� 1.24 (4.9%)

Kidney 1.3� 0.6 0.15� 0.09 (0.15%)

Liver 10.6� 2.1 6.17� 1.75 (6.1%)

Lung 51.6� 11.0 20.1� 4.52 (20.1%)

QD-labeled cells including each organ section were counted (n ¼ 3). The estimated cell numbers in each organ were the presumed value calculated

from the volume of the organs and the number of QD-labeled cells contained in the sections. The data are presented as means� standard deviation.

The value in parentheses shows the percentages of the injected QD-labeled cells located in each organ.
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became lower after more than 24 h culture. Moreover,
QDs held in endosomes were gradually concentrated in

a time-dependent manner. The distribution of QDs may

incline toward the specific position in a cell, which re-

sulted in that QD may be unevenly distributed to the

two product cells at cell division. Probably QDs may be

eliminated from injected cells in the same way in vivo.

Furthermore, the influence by cell division in the mouse

cannot be disregarded either. As shown in Fig. 6, in-
jected EL-4 cells were grown after 5 days (right graphs)

and detection of QD-labeled cells became difficult 5 days

after injection (left graphs). Thus, cell labeling using

QDs may tend to be influenced by cell division. The

second possibility was exclusion of injected cells by the

host–immune system. QDs holding cells may be van-

ishing more rapidly out of the blood circulation by some

active pathways in the early stage after injection. As we
surmised that QDs were excluded by the spleen function,

QD-labeled cells were detected from the sections of the

kidneys, liver, lung, and spleen. Approximately 20% of

injected QD-labeled cells were accumulated in those four

organs up to 7 days after injection. The last possibility

was the loss of photoluminescent ability of the QDs. It

was known that the fluorescence emitted from QDs was

attenuated by depriving of electric charge on QDs. We
assumed that the degradation of the surface of QDs in

endosomes including QDs was due to a change of the

pH as a consequence of activation of T cells. But as

shown in Fig. 4, no significant fluorescent elimination

was observed although QD-holding lymphocytes were

stimulated with calcium ionophore A23187, PMA, and

some lectins such as ConA and PHA.

Our approaches suggest that QDs can be traced using
the injected cells for more than a week by quite easy

techniques. In this approach, QDs had many more ad-

vantageous points than organic fluorophores. As shown

in Fig. 5, the fluorescent intensity of QDs was approxi-
mately equal to that of the organic fluorophores in short-
time exposure such asflowcytometry, but thefluorescence

of QDs was superior to that of organic fluorophores in

terms of the operating lifetime. QDs could be applied not

only to cell labeling marker but also to real-time single-

molecule bioimaging for several minutes in living cells,

such as antigen–antibody reactions, the moment of viral

infection, the movement of transcription in nuclei, and

more.More improvementsmaybe achievedbymulticolor
scanning using some QDs of different particle sizes [22].

At present, no damage or toxicity caused by injection

of QD-labeled cells over individuals was observed al-

though the adverse effects on the organisms by the QDs

were anticipated, and cytotoxicity was observed at high

concentration of QDs. Efforts to address this issue are

being made in developing a different silicon based QD.

Further miniaturization of the particle is anticipated and
silicon-based QDs are expected to be much safer because

neither cadmium nor selenium is used. Advanced sur-

face treatment and improved introducing-methods of

QDs were required to retain the QDs inside the cells for

a longer and more stable duration. Nowadays, another

introduction method that encapsulated individual

nanocrystals in liposomes is being considered [23–25].

QDs could be used in both carrier or drug delivery
systems and to assess the effects of treatment by com-

bining this method and the other gene targeting therapy

using the liposomes if a semi-permanent cell labeling

technique was enabled in those methods [26]. Further-

more, a small tumor can be detected by specific wave-

length infrared rays emitted from some QDs, as the QDs

can be conjugated with biomolecules which can specifi-

cally recognize tumor cells in a similar way as antibodies
and some lectins [27]. Visualization of QDs which flo-

wed in the blood of the capillary vessels and which were

accumulated in adipose tissue has already been reported

using multiphoton microscopy [28].
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The dynamics of QDs in this application is dependent
on the albumin conjugating on the surface of the QDs.

Further, it may be expected to conjugate QDs with

various proteins or molecules for the carrier molecules

of drug delivery system or cell specific marker. With the

development of new surface treatments of QDs, it may

soon become possible to make these possibilities come

true using various methods to replace the conventional

organic fluorophores that are currently being used.
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