International Journal of Nanomedicine

3

Dove

ORIGINAL RESEARCH

Ultrastructural localization of intravenously
injected carbon nanohorns in tumor

Sachiko Matsumura'
Ryota Yuge?

Shigeo Sato®
Akihiro Tomida?®
Toshinari Ichihashi?
Hiroshi Irie*

Sumio lijima?*®
Kiyotaka Shiba'
Masako Yudasaka®

'Cancer Institute, Japanese Foundation
for Cancer Research, Tokyo, Japan;
2Smart Energy Research Laboratories,
NEC Corporation, Tsukuba, Japan;
3Cancer Chemotherapy Center,
Japanese Foundation for Cancer
Research, Koto-ku, Tokyo, Japan;
“Teikyo University School of Medicine,
Tokyo, Japan; *Faculty of Science and
Technology, Meijo University, Tenpaku,
Nagoya, Japan; ®Nanotube Research
Center, National Institute of Advanced
Industrial Science and Technology,
Higashi, Tsukuba, Japan

Correspondence: Kiyotaka Shiba
Cancer Institute, Japanese Foundation
for Cancer Research, 3-8-31 Ariake,
Koto-ku, Tokyo, 135-8550, Japan

Tel +81 335 700 489

Fax +81 335 700 461

Email kshiba@jfcr.or.jp

Masako Yudasaka

Nanotube Research Center, National
Institute of Advanced Industrial Science
and Technology, |-1-1 Higashi, Tsukuba,
305-8565, Japan

Tel +81 29 861 4818

Fax +81 29 861 6290

Email m-yudasaka@aist.go.jp

This article was published in the following Dove Press journal:
International Journal of Nanomedicine

23 July 2014
Number of times this article has been viewed

Abstract: Nanocarbons have many potential medical applications. Drug delivery, diagnostic
imaging, and photohyperthermia therapy, especially in the treatment of tumors, have attracted
interest. For the further advancement of these application studies, the microscopic localization
of nanocarbons in tumor tissues and cells is a prerequisite. In this study, carbon nanohorns
(CNHs) with sizes of about 100 nm were intravenously injected into mice having subcutaneously
transplanted tumors, and the CNHs in tumor tissue were observed with optical and electron
microscopy. In the tumor tissue, the CNHs were found in macrophages and endothelial cells
within the blood vessels. Few CNHs were found in tumor cells or in the region away from
blood vessels, suggesting that, under these study conditions, the enhanced permeability of
tumor blood vessels was not effective for the movement of CNHs through the vessel walls. The
CNHs in normal skin tissue were similarly observed. The extravasation of CNHs was not so
obvious in tumor but was easily found in normal skin, which was probably due to their vessel
wall structure difference. Proper understanding of the location of CNHs in tissues is helpful in
the development of the medical uses of CNHs.
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Introduction

Both in vitro and in vivo studies have demonstrated many potential medical applications
of graphene-based nanometer-size materials, such as carbon nanotubes and nanohorns.
Such materials may be useful for tumor-targeted drug delivery,'* photohyperthermia
tumor therapy,®>>® and internal optical imaging.®!® Further advances beyond these
preclinical studies depend on investigations that reveal the distribution of these nano-
carbons in tissues and cells and understanding their in vivo responses.

In mice, the intravenously injected nanocarbons primarily accumulate in the liver
and spleen,'"'® and, in the case of tumor-bearing mice, also in the tumor.'>® The
retention periods and quantities of the nanocarbons in circulation and various organs
depend on the shape, size, and surface modifications of these particles.®'*!*> Follow-
ing injection, agglomerated or poorly dispersed nanocarbons may accumulate in the
lungs, occasionally clogging capillary vessels," as well as in the liver and spleen.
Well-dispersed nanocarbons, on the other hand, have long retention periods in the
circulating blood and are even eliminated in urine."”

Despite the progress of the macroscopic study of the nanocarbons’ biodistribu-
tion, the microscopic studies of the nanocarbons in the tissues and cells in vivo have
not been well developed. Nanocarbons of nanometer-order size would be expected to
extravasate from the tumor blood vessels and to accumulate in tumor cells, because
the blood vessels supplying the tumors are leaky.'*!* A recent study shows that the
carbon nanotube can extravasate from tumor vessels;?’ however, where the extravasat-
ing carbon nanotubes are in the tumor tissues and cells has not been clarified.
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We previously showed that the quantification of biodis-
tribution and the ultrastructural observation of the carbon
nanohorns (CNHs)?*2 in mice became easy by labeling
CNHs with Gd,O, nanoparticles.'>* In this study, Gd,O,-
labeled CNHs were intravenously injected in tumor-bearing
mice, and the CNHs in subcutaneously transplanted tumor
tissues were quantified. The locations of CNHs in the tumor
tissues and cells were further clarified, and the results were
compared with those in normal skin.

Materials and methods

Materials

CNHs were prepared by a CO, laser ablation of graphite
in an Ar gas atmosphere (760 Torr) without auxiliary
heating.???> The laser power was 3 kW, the laser beam
diameter at the graphite surface was about 5 mm. No metal
catalysts were used. The purity of CNHs was about 95%. The
5% of impurities consisted of micrometer-size graphite-like
particles.” The structure was observed with high-resolution
transmission electron microscopy ([HRTEM]; HRTEM
002B, Topcon Corporation, Tokyo, Japan).

The method of enclosing Gd,O, nanoparticles within the
CNHs was previously reported.'>? Briefly, CNHs were oxi-
dized to open holes in the tubule walls and then mixed with an
ethanol solution of Gd(OAc),. The mixture was filtered, and
the Gd(OAc), clusters were incorporated inside hole-opened
CNHs. Heat treatment at 1,200°C in Ar gas for 1 hour changed
the Gd(OAc), clusters to Gd,O, nanoparticles inside the CNH
and closed the holes. Gd,O,-encapsulated CNHs were washed
with an aqueous HCl solution to remove excess Gd, O, located
outside the CNHs. The CNHs used in this study were thus
labeled with Gd,O, nanoparticles. The Gd,O,-labeled CNHs
were burned, and the obtained ash was dissolved in an aqueous
HCl solution. The Gd, O, quantity was estimated from thermo-
gravimetric analysis (TGA Q500; TA Instruments, New Castle,
DE, USA) carried out in an oxygen gas atmosphere.

CNHs were dispersed in aqueous solution of N-(carbonyl-
methoxypolyethyleneglycol 5000)-1,2-distearoyl-sn-
glycero-3-phosphoethanolamine, sodium salt (DSPE-PEG
[DPEG], SUNBRIGHT DSPE-050CN; NOF Corporation,
Tokyo, Japan) by sonication (Bioruptor® UCD-200TM;
Cosmo Bio Co., Ltd., Tokyo, Japan; power =130 W;
time =30 seconds X5).

The concentrations of CNH and DPEG in the disper-
sion were both 1.5 mg/mL. The dispersion was diluted to
the concentration of 0.25 mg/mL and further sonicated for
60 minutes using a bath-type sonicator, followed by ultrafil-
tration (Apollo® UF; molecular weight cut-off, 150 k; Orbital

Biosciences LLC, Topsfield, MA, USA or Microsep™,;
molecular weight cut-off, 300 k; Pall Corporation, Port
Washington, NY, USA). The concentrated solution was
diluted with water or 5% glucose solution, which was used
as the stock dispersion solution in this study.

The dispersion state of CNHs was examined by the
measurement of particle size distribution and optical absorp-
tion. In these experiments, the CNH stock dispersion solu-
tion was diluted with phosphate buffered saline (PBS) to
0.03-0.05 mg/mL CNH. The dispersion stability of CNH in
PBS (10 mM Na, HPO,, 2 mM KH_PO,, 137 mM NaCl, and
2.7 mM KCI; pH 7.4) was evaluated by the time course of
optical absorbance at 800 nm, measured with a Shimadzu
UV-2550 spectrophotometer (Shimadzu Corporation, Kyoto,
Japan). The degree of agglomeration of the CNHs in the
phosphate buffer (pH 7.4) with DPEG was evaluated by
dynamic light scattering measurements (Zetasizer Nano ZS;
Malvern Instruments, Malvern, UK).

Animal tests
For animal experiments, the CNH dispersion liquid was pre-
pared as approximately 2 mg/mL CNH in a 4% glucose aqueous
solution with DPEG. Female 6-week-old BALB/c nude mice
were purchased from Charles River Laboratories Japan, Inc.
(Yokohama, Japan) and housed in Japanese Foundation for
Cancer Research. Vascular endothelial growth factor (VEGF)-
secreting SBC-3 cells (a human small cell lung cancer cell
line, SBC-3/VEGF) were kindly provided by Dr Y Matsumura
(National Cancer Center Hospital East, Chiba, Japan). The
SBC-3/VEGEF cells were used to enhance the neoangiogenesis
of tumor vessels. SBC-3/VEGF were maintained in Roswell
Park Memorial Institute 1640 medium supplemented with 10%
fetal bovine serum, penicillin (100 U/mL), and streptomycin
(100 ug/mL) in a humidified atmosphere with 5% CO, at
37°C. The SBC-3/VEGEF cells (5x10° or 6x10°) were subcu-
taneously injected into the right side of the back in the mice.
Also, 10-14 days after the inoculation, 0.2 mL of the CNH
dispersion liquid was injected via the tail vein. The mice were
sacrificed 21 hours later, and their organs were removed and
fixed in 10% neutral buffered formalin or 2% glutaraldehyde
in 0.1 M phosphate buffer (pH 7.4) at 4°C.

All animal care and experimentation were performed in
compliance with the Guidelines for Animal Experiments of
the Japanese Foundation for Cancer Research.

Quantification of CNHs in organs
The method of CNH quantification was previously reported. '
Briefly, the obtained organs (brain, lung, heart, stomach,
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intestine, liver, spleen, and kidney), blood, tumor, and
skin were burned. The Gd,O, contained in the ash was dis-
solved in an aqueous HCl solution, and the Gd quantity was
determined by inductively coupled plasma atomic emission
spectroscopy.

Staining tissues for optical microscopy

observation

Formalin-fixed organs were embedded in paraffin, thinly
sectioned, and observed using an optical and fluorescent
microscope (Leica DMLP; Leica Microsystems, Wetzlar,
Germany). The tissue sections were stained with nuclear
fast red and with anti-Iba-1 for macrophages. Immunofluo-
rescence staining was carried out using anti-CD34 antibody
and Alexa Fluor 488 (Thermo Fisher Scientific, Waltham,
MA, USA)-conjugated secondary antibody to observe
endothelial cells and with rabbit polyclonal anti-CD11b/c
and Alexa Fluor 488-conjugated secondary antibody to
observe macrophages. Propidium iodide was used for nuclear
counterstaining.

Staining tissues for electron microscopy

observation

The tumor and skin tissues fixed with 2% glutaraldehyde in
0.1 M phosphate buffer overnight at 4°C were treated with:
osmium tetroxide solution (1%, 70%, and 100% ecach for
30 minutes); propylene oxide (1 hour, twice); and Epon™
embedding medium (Momentive Specialty Chemicals, Inc.,
Columbus, OH, USA) (3 days, 60°C). The Epon™-embedded

blocks were sectioned (LKB U5 Ultramicrotome; Amersham
Pharmacia, Amersham, UK) at 80-100 nm, followed by
staining with uranyl acetate for 10 minutes and Reynolds
lead for 3 minutes. Thus, stained sections were observed
with scanning transmission electron microscopy (STEM
HD-2300; Hitachi Ltd., Tokyo, Japan) at an acceleration volt-
age of 120 kV and 61 PA current, which allowed Z-contrast
(STEM ZC) observation and transmission electron micro-
scopy (TEM) observation.

Results
CNH structure and dispersion in PEG
phospholipid solution

Individual carbon nanohorn is a pseudocylindrical nanocar-
bon consisting of a single graphene sheet with a diameter
of 2-5 nm and a length of 40-50 nm.?! About 2,000 carbon
nanohorns assemble to form a robust spherical aggregate
with a diameter of about 100 nm (Figure 1A). In this study,
such an aggregate is referred to as CNH. The CNHs were
labeled with Gd,O, nanoparticles that appeared as dark spots
in HRTEM images (Figure 1B).'** Thermogravimetric
analyses indicated that the quantity of Gd,O, in the CNH
was about 7%.!?

The dispersion states of CNHs were examined in aque-
ous solution of PBS. When the DPEG dispersant was used,
CNHs were well dispersed in PBS, while without DPEG did
not, which was apparent from the photographs of the bottles
(Figure 2, insets). This was further examined by measuring
the optical absorbance at 800 nm. The absorbance of CNHs

Figure | HRTEM images.

Notes: Unlabeled CNH (A) and a Gd,O,-labeled CNH (B). Black spots in (B) are Gd,O, particles.
Abbreviations: CNH, carbon nanohorn; HRTEM, high-resolution transmission electron microscopy.
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Figure 2 Optical absorbance at 800 nm of CNHs dispersed in PBS with (e) and
without (A) DPEG dispersant.

Notes: Insets show the pictures of CNHs dispersed in PBS with (upper) and without
(lower) DPEG dispersant after mixing and still standing for 26 hours.
Abbreviations: CNH, carbon nanohorn; PBS, phosphate buffer saline; DPEG,
DSPE-PEG.

dispersed in PBS with the DPEG did not change for 26 hours
(Figure 2). However, the absorbance decreased when DPEG
was not present (Figure 2). Probably the alkyl chains of
DPEG attached to the CNH surface and the PEG moieties
helped to keep the CNHs remaining dispersed in the aque-
ous solutions.?** Dynamic light scattering measurements of
CNH dispersed in the phosphate buffer (pH 7.4) with DPEG
showed that the particle sizes were about 176 nm (not shown),

which was a little larger than the CNH size of about 100 nm
estimated from TEM images® (Figure 1). This difference
may have been caused by the DPEG coating or by partial
agglomeration of the CNHs.

Biodistribution

The Gd,0,-labeled CNHs dispersed in a 4% glucose aqueous
solution with DPEG (0.2 mL; approximately 0.4 mg CNH)
were intravenously injected into the tail veins of BALB/c
nude mice bearing tumors. The tumors were formed on the
backs of mice following the subcutaneous transplantation
of SBC-3/VEGF tumor cells (human small cell lung cancer
cells). The biodistribution of CNHs at 21 hours after the injec-
tion was estimated from the quantities of Gd in each organ
measured by inductively coupled plasma atomic emission
spectroscopy, as previously reported.'?

The CNHs were found primarily in the liver and spleen,
followed by the stomach/intestine and kidney (Figure 3A).
They also existed in blood, tumor, and skin (Figure 3B).
Compared with previous results obtained with CNHs dis-
persed in glucose without DPEG, the retention of CNHs in
the bloodstream increased from <30 minutes (Figure 4A)" to
a period of hours (Figure 4A). This is consistent with other
reports, such as the research by Liu et al.® Probably, DPEG
interfered with the uptake of CNHs by phagocytes in the
circulating blood. Interestingly, as the quantity of CNHs in
the bloodstream decreased from 38% of the injected dose
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Figure 3 Biodistribution of CNHs in various organs, blood, skin, and tumors of mice (n=3) 21 hours after intravenous injection.
Notes: % ID, percentage of injected dose; % ID/g, percentage of injected dose per gram of tissue or blood.

Abbreviations: CNH, carbon nanohorn; ID, injected dose; ND, not detected.
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Figure 4 Percentage of injected dose per gram of tissue (% ID/g) of CNHs dispersed in glucose-DPEG solution in blood (A, ) and in tumors (B, e) at various times

postinjection.

Notes: Quantity of CNHs dispersed in glucose without DPEG in blood after 30 minutes following the intravenous injection is indicated with A in (A). % ID, percentage of

injected dose. % ID/g, percentage of injected dose per gram of tissue or blood.
Abbreviations: ID, injected dose; CNH, carbon nanohorn; DPEG, DSPE-PEG.

(ID) per gram of tissue (ID/g) at 0.5 hour to almost 1%
ID/g at 21 hours, the CNH content in tumor increased from
about 1.6% ID/g at 0.5 hour to 3.2% ID/g (Figure 4B), sug-
gesting that a portion of the CNHs circulating in the blood
accumulated in tumors.

CNHs in tumor tissue

The presence of CNHs at 21 hours after injection was con-
firmed by histological observation of black spots in tumor
tissue stained by nuclear fast red (Figure 5A), where CNHs
appeared to be agglomerating in blood vessels or on the vessel
walls. Figure 5B shows CNHs present in cells stained with
the macrophage antibody anti-Iba-1.

The endothelial and macrophage cells were further
observed with immunofluorescence staining (Figure 5).
The CNHs agglomerates were seen in the tissue not stained
(Figure 5C). In the nearby sections, the CNHs agglomerates
existed in the CD11b/c positive macrophages and CD34 posi-
tive endothelial cells, which were found in or near the blood
vessels (Figure 5D and E). Here, CD11b/c and CD34 stained
cells appear green (Alexa Fluor 488), and the nucleus, red
(PI) in Figure 5D and E.

To find the places where the CNHs existed in the tumor
tissues more clearly, the tissues were precisely observed with
electron microscopy. In the HRTEM observation, CNHs
were identified with straight black lines of nanohorn tubule
walls running within the CNH aggregates (Figure 1 A) or by
the black spots of Gd,O, nanoparticles embedded inside the
CNHs (Figure 1B). The CNHs were confirmed to exist within
macrophages in tumor blood vessels (Figure 6A-D) and in

vascular endothelial cells (Figure 7A—F). In the macrophages,
CNHs were localized in membrane-delimited follicles
(Figure 6A—D) that were most likely phagosomes (Figure 6C
and D). CNHs were also found within micropinocytotic
vesicles in endothelial cells (Figure 7C—F). Few CNHs were
found outside of the blood vessels in the tumor tissue.

Interestingly, the CNH agglomerates found in mac-
rophages or endothelial cells of tumors (Figure 6C and D and
7C-F) were relatively small, including two to five CNHs.
This means that even though the small CNH-agglomerates
reached the subcutaneous tumors, the possibility of extrava-
sation was low. In other words, the enhanced permeability of
tumor blood vessels was not highly effective for the passage
of agglomerated CNHs.

The CNHs agglomeration size and number in the tumor
tissues observed with optical microscopy seemed to be larger
than those observed with electron microscopy. This differ-
ence is likely to be an artifact caused by that the slices were
obtained from different places in the tumor.

CNHs in skin tissue

For comparison, we observed the CNHs in skin from regions
where tumor cells had not been transplanted. The skin
was slightly darkened by the accumulation of CNHs (not
shown), and black CNH agglomerates were found in the
dermis and subcutaneous tissues of the skin as apparent from
the histology of unstained tissues (Figure 8A and B). Skin
accumulation of CNHs is consistent with the previous report
of long-circulating single-walled carbon nanotubes;® how-
ever, our results revealed that the distribution was different.
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CD11b/c, PI

CD34, PI

Figure 5 Optical micrographs of subcutaneously transplanted tumor tissues.

Notes: Obtained 21 hours following intravenous injection of CNHs into the tail vein. Tissue was stained with nuclear fast red (A) and anti-lba-1 (B). In (B), CNHs (black
spots) are engulfed by macrophages (stained brown), which are indicated with magenta circles. Inmunofluorescence images taken from serial sections of tumor (C-E); not
stained (C), stained with CD | Ib/c and PI (D), and stained with CD34 and PI. Green fluorescence, Alexa Fluor 488 bound to secondary antibodies. Red fluorescence, PI.
Abbreviations: CNHs, carbon nanohorn; Pl, propidium iodide.

Phagosome
Phagosome « | Limiting membrane Aot
I I

Figure 6 Macrophage within a blood vessel in subcutaneously transplanted tumor tissue.
Notes: Obtained 21 hours following CNH injection. STEM ZC images (A, B) and TEM images of phagosomes (C, D) located within a pseudopod. Stars indicate CNHs.
Abbreviations: RBC, red blood cells; CNH, carbon nanohorn; STEM ZC, scanning transmission electron microscopy Z-contrast; TEM, transmission electron microscopy.
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Figure 7 Vascular endothelial cell in subcutaneously transplanted tumor tissue.

Notes: Obtained 2| hours following CNH injection. STEM ZC images (A), magnified STEM ZC images (B, C, E), and TEM images (D, F) of micropinocytotic vesicles. Stars
indicate CNHs.

Abbreviations: CNH, carbon nanohorn; RBC, red blood cell; STEM ZC, scanning transmission electron microscopy Z-contrast; TEM, transmission electron microscopy.

Figure 8 Optical micrographs of skin where the tumor was not transplanted.

Notes: Obtained 21 hours postinjection of CNHs. Not stained (A, B) and stained with anti-lba-1 (C, D). In (C, D), CNHs (black spots) are engulfed by macrophages
(stained brown).

Abbreviation: CNH, carbon nanohorn.
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Figure 9 STEM ZC images of dermis from skin where the tumor was not transplanted.

Notes: Obtained 21 hours postinjection of CNHs (A). Vascular endothelial cell (B) internalized CNHs in the cytosol (C). Tissue macrophage (D) engulfing CNHs in a
phagosome (E). CNHs are also seen in other phagosomes (D, encircled with magenta and orange lines). Stars indicate CNHs.
Abbreviations: CNH, carbon nanohorn; STEM ZC, scanning transmission electron microscopy Z-contrast.

Single-walled carbon nanotubes were found only in dermis.
The differences could reflect the difference in the size and
shape of the CNH and the nanotube. The tissue stained with
anti-Iba-1 (Figure 8C and D) showed that CNHs were pres-
ent in macrophages.

The skin was further observed with TEM and STEM.
Figure 9 shows CNHs in vascular endothelial cells
(Figure 9A—C) or macrophages in tissue from the dermis
(Figure 9A, D, and E). Figure 10 shows CNHs in the cytosol
of macrophages in the subcutaneous tissues. Interestingly,
both Figures 9 and 10 show the macrophages present outside
of the blood vessels, which differed from the observations
in tumor tissue.

Discussion

In general, the blood vessels generated via angiogenesis
in tumors have highly permeable vessel walls that permit
materials with sizes of 50-200 nm to leave the vessels and

reach the tumor cells.'®!” This feature enables liposomes
within the optimum size range to deliver antitumor drugs
to tumor tissues and cells.'®!” The size of CNHs satisfies
this criterion; thus, the same effect is expected. However,
in our experiments, DPEG-coated CNHs agglomerated
after the injection into mice and were captured by mac-
rophages or vascular endothelial cells inside the tumor
blood vessels. In the previous in vitro study, smaller-sized
(20-50 nm) CNHs with DPEG coating preclude their
uptake by RAW 264.7 macrophage cells,” thus indicat-
ing a possibility that the smaller-sized CNHs with proper
surface coating exit the blood vessels in tumor, which
remains the challenge.

On the other hand, it is known that the control of mac-
rophage activity in tumors is important for effective tumor
treatment.?®? If the type of tumor macrophages that engulf
CNHs were known, then new approaches for the treatment
of tumors would be easier to develop.’*3!
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“Macrophage

600 nm

Figure 10 Electron micrographs of subcutaneous tissue from skin where the tumor was not transplanted.
Notes: Obtained 21 hours postinjection of CNHs. STEM ZC images (A-C) and TEM image (D). CNHs engulfed by a tissue macrophage exist outside of the blood vessel.

Stars indicate CNHs.

Abbreviations: CNH, carbon nanohorn; RBC, red blood cell; STEM ZC, scanning transmission electron microscopy Z-contrast; TEM, transmission electron microscopy.

Since the tumors in this study were formed in the subcu-
taneous region, we were also curious about the behavior of
CNHs in normal skin. We found that the CNHs were captured
by macrophages and vascular endothelial cells in the dermis
and subcutaneous tissues. Interestingly, in those regions, the
CNH-engulfing macrophages were often located outside of the
blood vessels. There are two possible mechanisms to account
for the movement of CNHs out of the blood vessels. Capillary
walls are only one endothelial cell thick; therefore, circulating
CNHs trapped by the endothelial cells could be released to
the outside of the vessel and captured there by macrophages.
Alternatively, macrophages might capture CNHs inside the
capillary vessels and then move to the exterior.

Although the immature blood vessels of tumors are highly
permeable, they would have not only endothelial cells, but
also intima, media, and adventitia tissues. Therefore, the
movements of macrophages and CNHs through the vessel
walls could be more limited than in the skin capillaries.
Finally, it was not the subject of this study, but since the
CNHs were observed in the dermis, they may have potential
for new therapeutic treatments in the area of dermatology.

Conclusion
CNHs dispersed in aqueous solution of glucose with a phos-
pholipid PEG dispersant were intravenously injected in tail

veins of mice bearing subcutaneously transplanted tumors.
Histological observation revealed that small agglomerates
of two to five CNHs existed within follicles of macrophages
and endothelial cells in tumor blood vessels. Small CNH-
agglomerates were also found in macrophages and endothe-
lial cells within and, in addition, outside of blood vessels in
the dermis and subcutaneous tissues of the normal skin. The
extravasation of CNHs was easily found in normal skin, but
not so obvious in tumor. This was probably due to their ves-
sel wall structure difference. We conclude that the enhanced
permeability of tumor vessels was not sufficient for the transit
of CNHs under this study’s conditions.
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