
Abstract. CD34 is commonly used as an endothelial cell
marker of tumor vessels. However, this marker detects not
only newly formed, but also pre-existing large blood vessels.
Nestin, a class VI intermediate filament protein, has recently
received attention as a marker for detecting newly formed
endothelial cells. In this study, whether nestin is a novel
angiogenesis marker in colorectal cancer was examined.
HCT-15, a human colon cancer cell line, was subcutaneously
implanted into the dorsum of nude mice. After the tumor grew,
the mice were perfused with fluorescent beads (Fluospheres).
Then, the tumor tissues were used for immunofluorescence
staining using nestin and the CD34 antibody. Immunohisto-
chemistry was performed with nestin and CD34 on 101 human
colorectal cancer tissue samples. Proliferating endothelial
cells were detected immunohistochemically by a proliferating
cell nuclear antigen (PCNA) antibody. Clinicopathological
factors and prognosis were compared between two groups:
that with a microvessel density (MVD) higher than the median
MVD and that with MVD lower than the median MVD, as
detected by nestin and CD34 labellings. Nestin was localized
in endothelial cells in small blood vessels (median, 9.06 μm),
whereas CD34 was localized in large blood vessels (median,
9.67 μm) in nude mice. The diameter of nestin-positive vessels
was smaller than that of CD34-positive vessels in human
colorectal cancer. The number ratio of PCNA-positive cells
to nestin-positive vascular endothelial cells was higher than
that of PCNA-positive to CD34-positive cells (p=0.002). There
were no correlations between nestin-positive blood vessels
and clinicopathological factors, but the prognosis was worse
in the highly nestin-positive MVD group (p=0.071). Nestin

is considered a novel angiogenesis marker of proliferating
endothelial cells in colorectal cancer tissue.

Introduction

Tumor angiogenesis is an important factor in the proliferation
and metastasis of human neoplasms. The degree of tumor
angiogenesis is associated with clinical outcome, because
angiogenic properties correlate with tumor aggressiveness
(1,2). Above all, tumor angiogenesis is thought to be essential
in tumor metastasis to distant organs (3). A possible explanation
of this metastatic mechanism is that an increase in the number
of tumor vessels increases the chances for tumor cells to enter
circulation, and newly formed vessels or capillaries have leaky
and weak basement membranes, to which tumor cells can
penetrate more easily than those of mature vessels (4). Thus,
patients with highly vascularized tumors are significantly
more likely to die than those with less vascularized tumors.
Angiogenesis in malignant neoplasms, as measured in terms
of microvessel density (MVD), has been reported to correlate
with clinicopathological factors or survival in breast carcinoma,
ovarian carcinoma, malignant melanoma, non-small-cell lung
carcinoma, prostatic carcinoma, esophageal carcinoma, gastric
cancer and colorectal cancer (1,2,5-10). 

CD34, CD31 and the factor VIII-related antigen are
commonly used as endothelial cell markers of tumor vessels,
and MVD is determined by blood vessels stained with these
endothelial markers (11-13). However, these markers identify
not only newly formed small blood vessels, but also pre-
existing large blood vessels (14). 

Nestin is a class VI intermediate filament protein originally
found in neuroepithelial stem cells and neural cells (15).
Nestin forms intermediate filament bundles with vimentin by
copolymerization in neuroepithelial cells (16). Nestin mRNA
is expressed at a high level in the cerebrum of developing
rat embryos on embryonic day 15, the level decreases toward
postnatal day 12, and disappears from postnatal day 18 to the
adult stage (15). High levels of nestin expression are detected
outside the nervous tissue in the oligodendroglial lineage,
Sertoli cells, hair follicle cells, stellate cells, pericytes, islets
and odontoblasts (17-23). Nestin is also present in skeletal
muscle progenitors, cardiac muscle progenitors of reproducing
organizations, infarcted myocardium, and neoplasms (24-27). 
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Recently, nestin expression in endothelial cells accomp-
anying the process of angiogenesis has been reported (28).
Nestin is strongly expressed in proliferating endothelial cells
in acute pancreatitis (29). Furthermore, nestin was reported
to be a marker of proliferating endothelial cells in brain tumor
tissues (27). In gastric adenocarcinoma, MVD determined by
nestin-positive blood vessels correlated with survival better
than MVD determined by CD34-positive blood vessels (30). 

In this study, we examined the effectiveness of nestin as
a marker of angiogenesis in colorectal cancer. It is difficult
to identify small blood vessels by common histological
techniques. Thus, we identified tumor blood vessels using
fluorescent carboxylate-modified polystyrene beads (Fluo-
spheres) in nude mice (31). Fluospheres, which are smaller
than blood corpuscles, can diffuse into small blood vessels
(32,33). Fluospheres of 0.2 μm in diameter behave similarly
to fluid and completely fill vessels; however, they do not leak
from CD34-positive vessels and remain localized in histological
sections (34). After the identification of all blood vessels using
Fluospheres, the diameters of nestin-positive and CD34-
positive vessels were compared in subcutaneous colorectal
cancer tumors formed in nude mice.

Immunohistochemistry was also performed on colorectal
cancer tissue from colorectal cancers patients with nestin and
CD34. Moreover, we determined the ratio of proliferating
cell nuclear antigen (PCNA)-positive to nestin-positive or
CD34-positive endothelial cells in the tumor. The predictive
value of angiogenesis determined by CD34 and that determined
by nestin in the same group of patients were compared to
evaluate whether nestin is a more effective marker of angio-
genesis in colorectal cancer.

Materials and methods

Materials. The following materials were purchased: pGEM-T
vectors from Promega Biotech. (Madison, WI, USA); a
digoxigenin (DIG) nucleic acid detection kit and a DIG RNA
labeling kit from Roche Diagnostics (Mannheim, Germany);
yeast tRNA from Gibco BRL (Gaithersburg, MD, USA);
Tween-20, glycine and formamide from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan); Isogen from Nippon Gene
(Tokyo, Japan); a Takara RNA PCR kit (AMV) Ver. 3.0 from
Takara Biotech. (Tokyo, Japan); a Histofine Simple Stain PO
(M) or (G) Max kit and mouse monoclonal anti-human CD34
antibody from Nichirei Biosciences Inc. (Tokyo, Japan);
mouse monoclonal anti-human nestin antibody from R&D
Systems, Inc. (Minneapolis, MN, USA); mouse monoclonal
anti-human PCNA antibody from Dako Cytomation (Kyoto,
Japan); goat polyclonal anti-mouse nestin antibody from
Santa Cruz Biotech. (Santa Cruz, CA, USA); rat monoclonal
anti-mouse CD34 antibody from BD Biosciences Pharmingen
(San Jose, CA, USA); superfrosted slides with a MAS coat
from Matsunami Glass Ind., Ltd. (Osaka, Japan); a malinol
mounting medium from Mutoh Chemical Co. (Tokyo, Japan);
antibiotics and antimycotics from Invitrogen Co. (Carlsbad,
CA, USA); Fluospheres of 0.2 μm in diameter from Molecular
Probes (Leiden, The Netherlands); male BALB/C nu/nu mice
from Clea Japan (Tokyo, Japan); sodium pentobarbital from
Dainippon Sumitomo Pharma Co. (Osaka, Japan); nitroglycerin
from Nippon Kayaku, Co. (Tokyo, Japan); FITC-conjugated

anti-goat IgG secondary antibody from Vector Laboratories,
Inc. (Burlingame, CA, USA); OCT compound from Sakura
Finetechnical Co. (Tokyo, Japan); and Texas Red-conjugated
anti-rat IgG secondary antibody from Abcam (Cambridge,
UK). All other chemicals and reagents were purchased from
Sigma Chemical Co. (St. Louis, MO, USA)

Colorectal cancer cell line. HCT-15, a colorectal cancer
cell line, was obtained from the Cell Resource Center for
Biomedical Research Institute of Development, Aging and
Cancer Tohoku University (Sendai, Japan). The cells were
grown in RPMI-1640 medium containing 10% heat-inactivated
fetal bovine serum (FBS), 200 U/ml penicillin and 200 μg/ml
kanamycin at 37˚C under a humidified 5% CO2 atmosphere.

Evaluation of blood vessels in nude mice using Fluospheres.
HCT-15 colorectal cancer cells (5x106 cells/mouse) were
implanted subcutaneously into the dorsum of nude mice (10
animals), and newly formed blood vessels in the tumor were
counted. After implantation, tumor size was measured using
calipers (35). When the tumor reached 3 cm in diameter, the
mice were used in this study. The injection of Fluospheres
into nude mice was performed according to a previous report
(34). Briefly, the mice were anesthetized with an intraperitoneal
injection of Nembutal. Nitroglycerin was included in the
Nembutal at 50 μg/ml to induce maximal vasodilation of
the peripheral vasculature. Then, the chest was opened by
midline sternotomy. The left ventricle was identified and the
ventricular cavity was entered through the apex with a 26-gauge
needle. The right ventricle was identified and an incision was
made on the free wall to exsanguinate the animal and to
allow the excess perfusate to exit the vascular space. The
animal was perfused with approximately 10 ml of phosphate-
buffered saline (PBS) with Fluospheres for 1 min. After
perfusion was completed, the tumor was excised with the
surrounding tissue and mounted in the OCT compound. Serial
tissue sections of 10-μm thickness were prepared using a
cryostat. This study was approved by the Animal Ethics
Committee of Nippon Medical School.

Immunofluorescence. The tissue sections were immersed in
PBS and then incubated with the appropriate antibody (1:500
dilution for the anti-mouse nestin antibody and 1:200 dilution
for the anti-mouse CD34 antibody) in PBS containing 1%
bovine serum albumin (BSA) for 16 h at 4˚C. For nestin, the
sections were incubated with the FITC-conjugated anti-goat
secondary antibody in PBS containing 1% BSA and 10%
mouse serum for 1 h at room temperature (RT). For CD34,
the sections were incubated with the biotin-conjugated anti-
rat secondary antibody for 1 h at RT. Then, the sections were
incubated with Texas Red-conjugated streptavidin for 1 h at
RT. The tumor tissues of the mice were observed under a
fluorescence microscope (Nikon Corporation, Tokyo, Japan).
The diameters of nestin-positive and CD34-positive blood
vessels in which the Fluospheres were injected were calculated
in the same fields. The median microvessel count was used
for statistical analyses.

Human colorectal cancer tissues. One hundred and one
colorectal cancer patients who participated in this study were
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from those receiving treatment at Nippon Medical School
Hospital (Bunkyo-ku, Tokyo, Japan) in 1999. The clinico-
pathological features of the patients are summarized in Table I.
Formalin-fixed and paraffin-embedded specimens were
prepared for immunohistochemistry and in situ hybridization.
This study was carried out in accordance with the principles
embodied in the Declaration of Helsinki, 1975, and informed
consent for the usage of colorectal tissues was obtained from
each patient.

Immunohistochemistry. The paraffin-embedded serial tissue
sections (3.5 μm) were subjected to immunostaining for nestin,
CD34 and PCNA using the Histofine Simple Stain PO (M) or
(G) Max kit. After deparaffinization, endogenous peroxidase
activity was blocked by incubation with 0.3% hydrogen
peroxide in methanol for 30 min. For PCNA immunostaining,
sections were pretreated in an autoclave at 121˚C for 15 min
in 10 mM citrate buffer (pH 6.0). Then the tissue sections
were incubated with the appropriate antibody (1:100 dilution
for the anti-human nestin antibody, 1:150 dilution for the

anti-human CD34 antibody and 1:200 dilution for the anti-
PCNA antibody) in PBS containing 1% BSA for 16 h at 4˚C.
Bound antibodies were detected with the Histofine Simple
Stain PO (M) or (G) Max reagents using diaminobenzidine
tetrahydrochloride (DAB) as the substrate, and the sections
were counterstained with Mayer's hematoxylin. Negative
control experiments were performed by omitting the primary
antibodies. The diameter of the blood vessels was calculated
in the colorectal cancers as previously described in nude mouse
tissues. Blood vessels forming lumens were selected and each
image was captured using an Olympus DP12 Digital Camera
system (Olympus Optical, Tokyo, Japan) attached to an
Olympus AX80 microscope at x200 magnification. Then,
nestin- and PCNA-positive endothelial cells or CD34- and
PCNA-positive endothelial cells were counted. 

Probe preparation and in situ hybridization. A 235-bp BamHI-
EcoRI cDNA fragment, corresponding to nucleotides 1019-
1253 of the human nestin cDNA sequence, was subcloned
into the pGEM-T vector and the result was confirmed by
sequencing. Probes were labeled with digoxigenin (DIG)-UTP
using the DIG RNA-labeling kit. In situ hybridization was
carried out as previously reported (29,36). Tissue sections
were deparaffinized and incubated at RT for 20 min with 0.2 M
HCl and then at 37˚C for 15 min with 100 μg/ml proteinase
K. The sections were postfixed for 5 min in PBS containing
4% paraformaldehyde (PFA), and incubated twice for 15 min
each in PBS containing 2 mg/ml glycine and once in 2X
standard saline citrate (SSC) containing 50% formamide
for 1 h before the initiation of the hybridization reaction.
Hybridization was carried out in a moist chamber for 16 h at
42˚C. The sections were then washed sequentially with 2X
SSC for 20 min at 42˚C, and with 0.2X SSC for 20 min at
42˚C. For immunological detection, the DIG nucleic acid
detection kit was used. The sections were washed briefly
with buffer 1 (100 mM Tris HCl and 150 mM NaCl, pH 7.5),
incubated with 1% (w/v) blocking reagents in buffer 1 for 1 h
at RT, and thereafter incubated with alkaline phosphatase-
conjugated polyclonal sheep anti-DIG Fab fragment containing
0.2% Tween-20 at 1:2000 dilution for 1 h at RT. The sections
were then washed twice for 15 min at RT with buffer 1
containing 0.2% Tween-20, equilibrated in buffer 3 (100 mM
Tris HCl, 100 mM NaCl and 50 mM MgCl2, pH 9.5) for 2 min,
and incubated in the staining solution containing nitroblue
tetrazolium and X-phosphate in a dark box for 2-3 h. After
the reaction was stopped with a Tris-EDTA acid buffer (10 mM
Tris-HCl and 1 mM EDTA, pH 8.0), the sections were mounted
in an aqueous mounting medium.

Microvessel counting. MVD was assessed in accordance
with an international consensus report (37). Briefly, slides
immunostained with the anti-human nestin antibody were
scanned at a x100 magnification to identify the areas with the
highest number of vessels. Then, images of the blood vessels
stained with anti-human nestin or anti-human CD34 antibodies
were captured using an Olympus DP12 Digital Camera
system attached to an Olympus AX80 microscope at a x200
magnification in the same areas using serial tissue sections.
Each x200 magnification area was 0.64 mm2. Counts were
determined in five separate fields. All stained endothelial
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Table I. Clinicopathological features of colorectal cancer
patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variable
–––––––––––––––––––––––––––––––––––––––––––––––––
Sex
Male 63
Female 38

Mean age ± SD (range) 65.45±10.93 (27-91)

Histology
Well/moderate 94
Poor/mucinous 7

Location
Colon 65
Rectum 36

Depth of tumor invasion
m-sm 17
mp-si 84

p-stage
0-II 58
III-IV 43

Lymphatic invasion
Positive 70
Negative 31

Vascular invasion
Positive 51
Negative 50

Lymph node metastasis
Positive 36
Negative 65

–––––––––––––––––––––––––––––––––––––––––––––––––
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cells or cell clusters were counted as one microvessel and the
presence of lumen was not required. The median microvessel
count was used for analysis. Two investigators separately
counted MVD in the same specimens without any clinical
information. No difference was found between the two data
sets (r2=0.838; p<0.0001).

Statistical analyses. To analyze the correlations of clinico-
pathological factors with nestin-positive or CD34-positive
endothelial cells, or the expression of PCNA, the chi-square
test was used. The Mann-Whitney U-test was used to compare
the diameters of nestin-positive and CD34-positive blood
vessels. The unpaired t-test was used to analyze the correlation
between clinicopathological features and two groups: that
with MVD higher than the median MVD and that with MVD
lower than the median MVD. Disease-free survival curves were
computed according to the Kaplan-Meier method; differences
in disease-free survival were computed using the log-rank test.
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Figure 1. Fluospheres, CD34 and nestin in subcutaneous tumor in nude mice. Fluospheres were detected in blood vessels of various sizes (A and B). CD34
and nestin were colocalized in vascular endothelial cells (C and E, arrowheads). In some vascular endothelial cells, CD34 was detected, but not nestin (D and F,
arrows). Fluospheres (A and B), CD34 (C and D), and nestin (E and F). Immunofluorescence original magnification: A-F, x400.

Figure 2. Diameters of CD34- and nestin-positive vascular endothelial cells
in nude mice. Fluospheres were detected in blood vessels with a median
lumen diameter of 9.97 μm (mean, 12.42±9.20; range, 2.72-75.83). CD34
was immunostained in blood vessels with a median diameter of 9.67 μm
(mean, 11.40±6.39; range, 2.72-53.47); nestin immunoreactivity was detected
in endothelial cells of smaller blood vessels with a median diameter of 9.06 μm
(mean, 10.25±4.49; range, 2.72-28.70) (p=0.073). 
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A p value of <0.05 was considered significant. Computations
were performed using the StatView J version 4.5 (SAS
Institute, Inc., Cary, NC, USA) software package.

Results

Identification of blood vessels with Fluospheres, CD34 and
nestin in implanted colorectal tumor in nude mice. Fluospheres
were detected in blood vessels of various sizes in the colorectal
cancer implanted in subcutaneous tissues of nude mice by
fluorescence microscopy (Fig. 1A and B). CD34 and nestin
were colocalized in most of the endothelial cells (Fig. 1C and
E, arrowheads, respectively). In some endothelial cells,
CD34 was detected, but not nestin (Fig. 1D and F arrows,
respectively). Fluospheres flowed in blood vessels with a
median lumen diameter of 9.97 μm (mean, 12.42±9.20; range,
2.72-75.83, Fig. 2). CD34 was immunostained in endothelial
cells of large blood vessels with a median diameter of 9.67 μm

(mean, 11.40±6.39; range, 2.72-53.47, Fig. 2), whereas nestin
was detected in endothelial cells of smaller blood vessels with
a median diameter of 9.06 μm (mean, 10.25±4.49; range,
2.72-28.70, Fig. 2). 

Immunohistochemistries of nestin, CD34 and PCNA expression
in human colorectal cancer tissues. We examined the localiz-
ation of nestin and CD34 in human colorectal cancer tissue.
CD34 and nestin immunoreactivities were detected in the
cytoplasm of vascular endothelial cells adjacent to cancer
cells, but not in that of any colorectal cancer cells (Fig. 3A
and B, respectively). We found that endothelial cells adjacent
to the infiltrating border of the tumor showed a stronger
expression of nestin than CD34. CD34 and nestin were
colocalized in endothelial cells of small vessels (Fig. 3C
and D, respectively). CD34-positive endothelial cells of
some clearly lumen-formed blood vessels showed no nestin
immunoreactivity (Fig. 3E and F, respectively).  
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Figure 3. Immunohistochemistry of CD34 and nestin in human colorectal cancer tissue. CD34 and nestin immunoreactivities were detected in vascular
endothelial cells adjacent to cancer cells, but not in colorectal cancer cells (A and B, respectively). In vascular endothelial cells of small vessels, CD34 and
nestin were colocalized (C and D, arrowheads, respectively). CD34 was detected in endothelial cells of large blood vessels, but not nestin (E and F, arrows,
respectively). CD34 (A, C and E) and nestin (B, D and F). Original magnification: A and B, x400; and C-F, x1000.
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Similarly to the results of the subcutaneous tumor in nude
mice, nestin immunoreactivity in human colorectal cancer
tissues was detected in endothelial cells of small vessels with
a median diameter of 6.30 μm (mean, 7.01±3.42; range,
1.58-22.05, Fig. 4). CD34 was immunostained in endothelial
cells of large blood vessels with a median diameter of 8.82 μm
(mean, 9.77±4.52; range, 3.15-32.44, Fig. 4). Nestin was
identified in endothelial cells of blood vessels smaller than
blood vessels in the case of CD34 (P<0.0001, Fig. 4).

PCNA immunoreactivity was detected in the nuclei of
most colorectal cancer cells and some vascular endothelial
cells (Fig. 5B arrows). In the serial sections with PCNA and
nestin or CD34, more PCNA-positive cells were detected in
nestin-positive endothelial cells (Fig. 5A and B) than in CD34-
positive endothelial cells (Fig. 5C and D). Statistically, the
number ratio of PCNA-positive endothelial cells correlated with
that of nestin-positive endothelial cells (P=0.002, Table II).
However, there was no relationship between the number ratio
of CD34-positive endothelial cells and that of PCNA-positive
endothelial cells (P=0.525, Table II).  

In situ hybridization of nestin mRNA in endothelial cells.
Immunohistochemistry showed nestin expression in vascular
endothelial cells of small blood vessels. Next, we examined
whether nestin is synthesized in vascular endothelial cells by
in situ hybridization. Nestin mRNA was clearly detected in
vascular endothelial cells of small blood vessels, but not in
those of large blood vessels (Fig. 6A arrows and B arrowheads,
respectively). In situ hybridization using a sense probe revealed
no positive signals (Fig. 6C arrows and D arrowheads). 

Correlations between clinicopathological findings and
nestin- or CD34-positive endothelial cells. MVDs determined
by nestin ranged from 1.6 to 92.4, with a median of 21.7
(mean, 27.20±18.64, Table III) and MVDs determined by
CD34 ranged from 1.0 to 153.0, with a median of 59.1
(mean, 60.77±30.86, Table IV). We examined the correlations
between nestin- or CD34-positive endothelial cells and

clinicopathological findings. There were no statistical differ-
ences between nestin- or CD34-positive endothelial cells and
clinicopathological findings (Tables III and IV, respectively). 

Disease-free survival curves. Patients with tumors characterized
by MVD <21.7 had a better chance of survival than patients
with tumors characterized by MVD >21.7 as determined by
nestin labeling (log-rank, p=0.071, Fig. 7A). In patients with
tumors characterized by MVD <59.1 or >59.1, there was no
significant difference in survival rate as determined by CD34
labeling (log-rank, p=0.135, Fig. 7B).

Discussion

CD31, CD34 and the factor VIII-related antigen are commonly
used as endothelial cell markers in tumor vessels (11-13).
Antibodies against these markers detect vascular endothelial
cells in tumors, but the anti-factor VIII antibody does not stain
endothelial cells of small blood vessels well compared with
anti-CD31 or CD34 antibodies (38). CD31 occasionally labels
inflammatory cells, but inflammatory infiltration camouflages
endothelial cells in only a few cases (1). CD34 rarely labels
collagen fibers; however, it is believed to be the most sensitive
marker of newly formed endothelial cells (39). CD34 labeling
has been interpreted as showing newly formed vessels in
endothelial cells during tumor angiogenesis. In lung cancer
tissues, the anti-CD34 antibody shows the best labeling
sensitivity and specificity for vascular endothelial cells (40,41).
These findings suggest that CD34 is the most useful marker
of angiogenesis in tumors. 

Nestin has recently received attention as a marker for
detecting endothelial cells of newly formed microvessels (28).
In fetal tissues, nestin is strongly expressed in endothelial cells
during vasculogenesis. Thereafter, nestin expression is down-
regulated in the vasculature of postnatal and adult animals (42).
In adult tissue, nestin expression may be restricted to newly
formed endothelial cells generated during angiogenesis. 

Nestin- or CD34-positive endothelial cells were detected
adjacent to the Fluospheres in tumor tissues of the nude mice.
The diameter of nestin-positive vessels was smaller than that
of CD34-positive vessels. Moreover, immunohistochemistry
using colorectal tumors showed that the diameter of nestin-
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Figure 4. Diameters of CD34- and nestin-positive blood vessels in human
colorectal cancer tissue. CD34 was immunostained in endothelial cells of
large blood vessels with a median diameter of 8.82 μm (mean, 9.77±4.52;
range, 3.15-32.44). Nestin immunoreactivity was detected in endothelial
cells of small blood vessels with a median diameter of 6.30 μm (mean,
7.01±3.42; range, 1.58-22.05). Nestin was localized in endothelial cells of
smaller blood vessels than blood vessels in the case of CD34 (P<0.0001). 

Table II. Counts of nestin-, CD34- and PCNA-labelled cells
in vessels.
–––––––––––––––––––––––––––––––––––––––––––––––––

PCNA
–––––––––––––––––––––––––––––––––

Antibody Positive Negative
–––––––––––––––––––––––––––––––––––––––––––––––––
Nestin p=0.002

Positive 67 8

Negative 15 10

CD34 p=0.525

Positive 73 46

Negative 2 0
–––––––––––––––––––––––––––––––––––––––––––––––––
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positive blood vessels was smaller than that of CD34-positive
vessels. These results suggest that nestin is localized in small
blood vessels in colorectal tumors. 

Next, to examine whether nestin-positive endothelial cells
are proliferating cells, we determined the number ratio of
PCNA-positive cells to nestin-positive endothelial cells. Ki-67
and PCNA are commonly used as proliferating cell markers.
Ki-67 is found in the nucleus throughout the cell cycles (G1,
S, G2, M phases) but is absent in resting (G0) cells (43). The
diagnostic and prognostic values of Ki-67 immunostaining in
human tumors have been widely documented and accepted
(44). PCNA is a nuclear protein that has been identified as
the auxiliary protein of DNA polymerase ‰ (45). PCNA is a
marker of cells in the G1, S, G2, and M phases of the cell
cycle (43). Its gene expression correlates with cell proliferation.
We examined the cell proliferative features of endothelial
cells in colorectal cancer tissue using these two proliferation
markers. PCNA-positive nuclei were distributed in numerous
endothelial cells, and few Ki-67-positive cells existed in
endothelial cells of colorectal cancer tissue. Ki-67 disappears

immediately after cell replication, whereas PCNA proteins
remain longer than Ki-67 in the nucleus of cells (43). Nestin
is considered to have a similar expression pattern to PCNA in
the nucleus of vascular endothelial cells. Nestin induces the
disassembly of vimentin to nonfilamentous aggregates or
particles in mitotic cells for an equal distribution of vimentin
in daughter cells (28). Thus, we employed PCNA as a cell
proliferation marker of endothelial cells in colorectal cancer
tissues and found that nestin-positivity correlates with PCNA-
positivity in the cells. This result shows that nestin expression
correlates with endothelial cell proliferation.

In situ hybridization revealed that nestin mRNA is detected
in endothelial cells of blood vessels of human colorectal cancer
tissues. Nestin is synthesized by vascular endothelial cells in
cancer tissues. These lines of evidence suggest that nestin is a
novel angiogenesis marker in colorectal cancer.

MVD was suggested to be closely related to hematogenous
metastasis to distant organs from the primary site, and to
influence survival (3). MVD is thus considered to be an
independent and important prognostic indicator in invasive
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Table III. Clinical outcomes according to clinicopathologic factors and MVD determined by nestin.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variable Nestin MVD (27.20±18.64; median, 21.7)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MVD<21.7 (n=51) MVD>21.7 (n=50)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Sex p=0.838
Male 31 32
Female 20 18

Mean age ± SD 65.78±11.70 p=0.831 65.10±10.20
(range) (27-91) (41-85)

Histology p=0.715
Well/moderate 48 46
Poor/mucinous 3 4

Location p=0.216
Colon 36 29
Rectum 15 21

Depth of tumor invasion p=0.437
m-sm 7 10
mp-si 44 40

p-stage p=0.108
0-II 25 33
III-IV 26 17

Lymphatic invasion p=0.286
Positive 38 32
Negative 13 18

Vascular invasion p=0.429
Positive 28 23
Negative 23 27

Lymph node metastasis p=0.535
Positive 20 16
Negative 31 34

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Figure 5. Immunohistochemistry of nestin, CD34 and PCNA in colorectal cancer tissue. Nestin-positive vascular endothelial cells coexpressed a proliferating
marker, PCNA, in their nucleus (A and B, arrows, respectively). On the other hand, many of the CD34-positive vascular endothelial cells did not coexpress
PCNA in their nucleus (C and D, arrowheads, respectively). Nestin (A), PCNA (B and D) and CD34 (C). Original magnification: A-D, x1000.

Figure 6. In situ hybridization of nestin mRNA in endothelial cells. Nestin mRNA was detected in vascular endothelial cells of small blood vessels, but not in
vascular endothelial cells of large blood vessels (A arrows and B arrowheads, respectively). The sense probe did not show any positive signals in endothelial
cells (C arrows and D arrowheads). Antisense (A and B) and sense (C and D). Original magnification: A-D, x1000.
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Table IV. Clinical outcomes according to clinicopathologic factors and MVD determined by CD34.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CD34 MVD (60.77±30.86; median, 59.1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Variable MVD<59.1 (n=51) MVD>59.1 (n=50)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Sex p=0.684
Male 33 30
Female 18 20

Mean age ± SD 65.86±12.63 p=0.991 65.02±12.63
(range) (27-91) (41-85)

Histology p=0.436
Well/moderate 46 48
Poor/mucinous 5 2

Location p>0.999
Colon 33 32
Rectum 18 18

Depth of tumor invasion p>0.999
m-sm 9 8
mp-si 42 42

p-stage p=0.229
0-II 26 32
III-IV 25 18

Lymphatic invasion p=0.831
Positive 36 34
Negative 15 16

Vascular invasion p=0.429
Positive 28 23
Negative 23 27

Lymph node metastasis p=0.535
Positive 20 16
Negative 31 34

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

A B

Figure 7. Disease-free survival curve based on MVD determined by nestin (A) or CD34 (B). (A) Patients with tumors characterized by MVD <21.7 had a
better chance of survival than patients with tumors characterized by MVD >21.7 as determined by nestin (p=0.071, Kaplan-Meier method). (B) In patients
with tumors characterized by MVD <59.1 or >59.1, there was no significant difference in survival rate as determined by CD34 (p=0.135, Kaplan-Meier
method).
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breast carcinoma, lung cancer, and colorectal cancer (1,14,46).
In colorectal cancer, MVD estimated by immunohistochemical
staining correlates with hematogenous metastasis (3). Our
study showed that the MVDs of nestin-positive and CD34-
positive blood vessels are not related to clinicopathological
factors. However, nestin is related to prognosis better than
CD34. This suggests that the MVD of nestin-positive blood
vessels correlates with the recurrence and metastasis of colo-
rectal cancer.

In conclusion, the measurement of the MVD of blood
vessels immunostained by nestin is a useful technique for
detecting newly proliferating endothelial cells in colorectal
angiogenesis. The MVD of nestin-positive blood vessels may
be a novel marker of neovasculature and a target of anti-
angiogenic therapy for colorectal cancer patients. 
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