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Abstract
An invasion-independent pathway has been proposed as a novel mechanism in blood-borne
metastasis, where tumour cells enveloped by sinusoidal tumour vessels enter the circulation
without vascular invasion. We previously identified the secretory leukocyte protease inhibitor
(SLPI) as a candidate gene responsible for this pathway. In this study, the functional role of SLPI
in metastatic dissemination was investigated. We transfected the SLPI gene into a poorly
metastatic clone of the MCH66 mouse mammary tumour cell line. Over-expression of SLPI
promoted in vivo growth and spontaneous metastasis to the lung, whereas it suppressed invasive
activity in vitro. The inoculated tumours of SLPI-transfectants exclusively induced a sinusoidal
vasculature and subsequently produced endothelial-coated tumour emboli, which are
morphological indices of the invasion-independent pathway. In addition, exogenous SLPI
inhibited the migration activity through Matrigel of both tumour cells and human umbilical vein
endothelial cells (HUVECs). In vivo angiogenesis assays also demonstrated that SLPI suppressed
the migration of newly formed blood vessels. These results suggest that an anti-migratory effect of
SLPI on tumour-associated endothelial cells may induce vascular remodelling to form a sinusoidal
architecture, and consequently promote invasion-independent metastasis. This study provides a
new model for metastasis, based on the mechanism regulated by anti-invasive factors, such as
SLPI.
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Introduction
By general consensus, cancer cell invasion is thought to be an essential activity in the
metastatic process [1,2]. However, we have described an alternative pathway of blood-borne
metastasis that does not require invasion into the vascular wall at either the primary tumour
or the target organ [3–5]. The process involves intravasation of tumour nests that are

Copyright © 2007 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
*Correspondence to: T Sugino, Department of Pathology, Fukushima Medical University School of Medicine, Hikariga-oka 1,
Fukushima 960-1295, Japan. sugino@fmu.ac.jp.

No conflicts of interest were declared.

NIH Public Access
Author Manuscript
J Pathol. Author manuscript; available in PMC 2012 August 27.

Published in final edited form as:
J Pathol. 2007 June ; 212(2): 152–160. doi:10.1002/path.2156.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



surrounded by blood vessels, transportation of tumour emboli enveloped with endothelial
cells and intravascular tumour growth in the lung. Comparative studies between murine
tumour cell lines of differential metastatic capability suggested that this pathway requires
high angiogenic activity in order to make sinusoidal tumour vasculature [4]. Gene
expression analysis of MCH66 clonal cell lines identified several genes whose expression
was correlated with metastatic capability [4]. The secretory leukocyte protease inhibitor
(SLPI) was one of the candidate genes identified as potentially involved in the invasion-
independent metastasis pathway.

SLPI is a serine protease inhibitor serving as an important component for protection of the
mucosa and skin [6,7]. In addition, SLPI has reported functions in inhibiting bacterial
infection and inflammation [8,9], promoting wound healing [10] and epithelial proliferation
[11] independent of anti-protease activity. Increased expression of SLPI has been reported in
a wide variety of human cancers, including breast, lung, ovarian and colorectal carcinomas,
and glioblastoma [12–14]. Furthermore, several studies have shown a positive correlation of
SLPI expression level with tumour aggressiveness and metastatic potential [13,15,16]. To
date, it has been unclear how SLPI can enhance the malignant phenotype, which was
thought to be based on a degradative function in spite of its tissue-protective roles. In our
model of cancer metastasis independent of invasive activity, it does not seem contradictory
that SLPI could promote metastasis.

In this study, through transfection methodology and in vivo evaluation, we confirmed that
SLPI can confer metastatic potential to cells of low-metastatic capability. Furthermore, we
investigated the molecular mechanism of SLPI in cancer metastasis, using assays for
metastasis-associated properties, such as growth, invasion and angiogenesis. Our results
indicate a new mechanism for cancer metastasis that can be promoted by the suppression of
invasive cellular activity.

Materials and methods
Cell lines

The non-metastatic mouse mammary tumour line, MCH66C8 [4], was cultured in DMEM
(Sigma-Aldrich, MO, USA) containing 10% fetal bovine serum (FBS). Human umbilical
vein endothelial cells (HUVECs) were kindly provided by Kazuhiko Kaji, University of
Shizuoka, Japan. HUVECs were cultured in MCDB104 medium (Wako Pure Chemical,
Osaka, Japan) containing 10% FBS, 10 mM/l glutamine, 100 μg/ml endothelial cell growth
supplement (Sigma-Aldrich).

Production of stable SLPI transfectants
The full-length murine SLPI coding region was amplified from cDNA of MCH66 cells,
using forward primer 5′-ATAAGAATGCGGCCGCTAAACTATAT-
GAAGTCCTGCGGCCT-3′ and a reverse primer, 5′-
CCATCGATGGTCACAGATCCTCTTCAGAGATG-
AGTTTCTGCTCCATCGGGGGCAGGCA-3′, fused with a sequence encoding the Myc-
tag. The construct pLNCX2–SLPI was made by subcloning this cDNA into the pLNCX2
retroviral vector (Clon-tech, CA, USA). Stable lines were generated using two distinct
methods: lipofection-mediated transfection and viral infection. PT67 packaging cells (Clon-
tech) were transfected with SLPI/pLNCX2 retroviral vector using Lipofectamine 2000
(Invitrogen, CA, USA). Stable transfectants were selected with G418 (1 mg/ml; Promega,
WI, USA) for 3 weeks; 30% confluent MCH66C8 cells were infected by incubation with the
supernatants of PT67 cells containing polybrene as vehicle (8 μg/ml). Stable transfectants
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were selected with 1 mg/ml G418 for 2 weeks. As negative controls, target cells were
infected with a retrovirus bearing the pLNCX2 empty vector.

Western blot analysis
Protein lysates (10 μg) were separated on 15% SDS–PAGE gels and transferred to PVDF
membrane (Millipore, MA, USA). After blocking with 5% skimmed milk for 1 h, the
membrane was incubated with goat polyclonal antibody against mouse SLPI (v-17; Santa
Cruz Biotechnology, CA, USA) or mouse monoclonal antibody against β-actin (Sigma-
Aldrich), then anti-goat or mouse IgG conjugated with horseradish peroxidase (Sigma-
Aldrich). The signals were visualized by enhanced chemiluminescence (ECL Advance;
Amer-sham Biosciences, NJ, USA). The autoradiograms were analysed on a densitometer
with a computerized image analyser (Image-Pro Plus; Media Cybernetics, MD, USA).

Determination of in vitro growth
For growth rate determination in vitro, 1 × 104 cells were plated in 12-well tissue-culture
plates and incubated in DMEM containing 10% FBS. After trypsinization, the cells were
counted every day. Growth assays were performed in triplicate.

In vitro invasion/migration assay
Cell migration assays were performed in culture inserts with a polystyrene membrane (8 μm
pore; Falcon) in a 24-well tissue culture plate. Culture inserts were coated with Matrigel
(BD Bioscience) at 12.5 μg/filter. The upper chamber was filled with 1 × 105 cells in culture
media with 0.1% BSA. The lower chamber was filled with culture media with 0.1% BSA
and chemoattractants, mouse fibronectin (10 μg/ml; Chemicon, CA, USA) for tumour cells
or bFGF (0 or 100 ng/ml; R&D Systems, MN, USA) for HUVECs. For invasion or
migration assays to examine the effect of exogenous SLPI, recombinant SLPI (R&D
Systems) was added to the upper chamber. After incubation at 37 °C for 6 h, cells on the
upper surface of the filters were removed with a cotton swab, and the filters were fixed with
100% methanol, stained with haematoxylin. The cells that invaded to the lower side of the
filters were counted in five adjacent diagonal fields (×200).

Spontaneous metastasis assay
Cells (1 × 107) suspended in 200 μl PBS were inoculated into the mammary fat pads of 6
week-old female C3H/He mice. At 10–13 weeks after inoculation, the animals were
sacrificed and the number of lung colonies was counted [4]. The numbers of animals used in
this assay were 28, 8, 8 and 9 for C8-SLPI2, C8-SLPI4, C8-SLPI5 and C8-control,
respectively. The metastatic ability of C8-SLPI2 cells was also evaluated by size-matched
comparison, using nine C8-SLPI2 tumours under 5 g in weight, of which the average weight
was equivalent to that of the control group. The animal experiments were approved by the
Institutional Animal Care and Use Committee in Fukushima Medical University and all
procedures were performed in accordance with the Animal experimentation guidelines.

Morphological and immunohistochemical examinations
Tumours and lungs were fixed with 10% formalin for paraffin-embedded sections. Sections
were stained with haematoxylin and eosin (H&E) and Elastica Masson stain to detect the
elastic layers of blood vessels. Immunohistochemistry was performed using antibodies to
SLPI (v-17), Myc-tag (MBL, Nagoya, Japan), mouse CD31 (Abcam, MA, USA), mouse
LYVE-1 (MBL), Prox1 (Angiobio, CA, USA), Ki67 (LabVision) and a streptavidin–biotin
kit (Nichirei, Tokyo, Japan), according to the manufacturer’s protocol. Double
immunohistochemical staining with anti-CD31 and anti-Ki67 antibodies was performed
using the diaminobenzidine–TMB technique [17].
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Assessment of neovascularization
The development of sinusoidal vessels was assessed by the area of blood vessels within a
tumour [4]. The H&E-stained sections were used to assess neovascular development. Blood
vessel morphometry was evaluated in three low-power fields (×10) in the periphery and the
centre of every three tumours of transfectants. The areas of blood vessels and tumour
parenchyma exclusive of necrosis were measured in each field, using a computerized image
analyser. The percentage of total vascular area in each tumour was used as an index of
vascularity.

Dorsal air sac assay
The dorsal air sac assay was applied to mice to examine the angiogenesis activities of C8-
SLPI2 and C8-control [4]. Cell suspensions (1 × 106 in 100 μl PBS) were injected into a
diffusion chamber consisting of a ring (Millipore Corp., MA, USA) covered with Millipore
filters (0.45 μm pore size) on each side. The chamber was implanted into an air sac
produced by injecting 10 ml air on the dorsal subcutaneous tissue of the mouse. On day 4,
vertical histological sections of the subcutaneous tissues were made. Angiogenesis activities
were assessed by counting the number of blood vessels and measuring the distance of
vascular sprouts extending toward the chamber from the subcutaneous muscular layer, using
a computerized image analyser. All experiments were performed using three animals.

Matrigel plug assay
The effect of rSLPI on in vivo angiogenesis was assayed by the Matrigel plug assay, as
described previously [18]. Briefly, Matrigel was mixed with bFGF (0 and 0.2 μg/ml), and
rSLPI (0, 10, 100 ng/ml). The Matrigel mixture (0.5 ml) was subcutaneously injected into
mice. After 7 days, the Matrigel plugs were removed and fixed in formalin for paraffin-
embedded sections. Sections stained with H&E were examined by light microscopy, and the
vascular density was calculated using a computerized image analyser. All experiments were
made using three animals.

Statistics
The results were analysed using Statview Software (SAS Institute, NC, USA). Differences
between samples were determined using an unpaired Student’s t -test or one-way ANOVA
followed by Fisher’s PLSD procedure. Statistical significance was defined as p <0.05.

Results
Generation of stable clones over-expressing SLPI

Transfection of SLPI using the retroviral vector system and G418 selection generated stable
bulk transfectant clonal lines. Western blot analysis using an anti-SLPI antibody identified
clonal lines of high SLPI expressors (C8-SLPI2 and -5), low SLPI expressors (C8-SLPI4)
and C8-control, a stable transfectant with empty vector (Figure 1A). C8-SLPI2, in which the
expression level was 10.6-fold higher than the C8-control, was mainly used for further
analysis. Immuno-histochemistry using antibodies to SLPI and a Myc-tag demonstrated that
higher expression levels of SLPI derived from the transfected cDNA of C8-SLPI2 were
persistent in vivo (Figure 1B).

Growth properties in vitro and in vivo
To investigate the effect of SLPI on cell growth, we compared C8-SLPI2, -4 and -5 with the
C8-control. There was no significant difference in growth rate in vitro (doubling time: C8-
control, 14.4 h; C8-SLPI2, 13.2 h; C8-SLPI4, 17.0 h; C8-SLPI5, 14.5 h). In contrast, tumour
growth in vivo monitored as tumour volumes was more rapid in mice inoculated with C8-
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SLPI2 and -5 (high SLPI expressers) than in C8-control and C8-SLPI4 (low SLPI
expressers) (Figure 1C). Tumour weights of C8-SLPI2 and -5 at autopsy were also
significantly higher than that of the C8-control (p < 0.01 and p < 0.05, respectively; Table
1).

SLPI suppresses the invasive potential of cancer cells in vitro
We examined the effect of SLPI over-expression on invasive property using an in vitro
Matrigel invasion assay. C8-SLPI2 over-expressing SLPI exhibited significantly lower
invasive activity than the C8-control (p < 0.01; Figure 1D). To investigate the effect of
exogenous SLPI on cancer cell invasion, we added recombinant SLPI (rSLPI) protein to
MCH66C8 cells in the same assay system. This experiment showed that invasion was
significantly suppressed in cells treated with increasing doses of rSLPI (p < 0.05 for dose
effect by one-way ANOVA, followed by Fisher’s PLSD procedure; Figure 1E), an
observation which predicts that SLPI over-expressing tumours would be less metastatic. To
evaluate this hypothesis, the effect of SLPI over-expression on metastasis was evaluated in a
xenograft model.

SLPI promotes spontaneous metastases to the lungs and lymph nodes
We examined the spontaneous metastasis capability of transfectants with SLPI and empty
vector. Contrary to the hypothesis, tumours of C8-SLPI2 and C8-SLPI5 (high SLPI
expressors) exhibited more metastatic potential to the lung (51.7% and 37.5%; colony
number, 0–40; p < 0.05 compared with C8-control and 0–4, respectively) than C8-control
and C8-SLPI4 (low SLPI expressors: 8.3% and 12.5%; colony number, 0–1 and 0–2,
respectively; Table 1). Axillary lymph node metastasis was generated exclusively by C8-
SLPI2 tumours (11%). To perform a size-matched comparison, nine small tumours (<5 g in
weight) were selected from C8-SLPI2 tumours. They also yielded lung metastases in higher
incidence (56%) and greater colony number (0–8; p < 0.05) than C8-control tumours.

SLPI induces sinusoidal angiogenesis and invasion-independent metastasis
To elucidate the mechanism by which an anti-invasive molecule can promote metastasis, we
observed the metastatic process morphologically. A marked difference was found in the
vascular architecture, which would induce tumour intravasation as a initial step of cancer
metastasis within the inoculated tumours. In the periphery of the primary tumour mass, poor
vascularity was formed in all tumours (Figure 2A, B). However, the perinecrotic area in the
centre of the tumour of C8-SLPI2 and -5 (high SLPI expressors) formed well-developed
sinusoidal vessels, which closely surrounded tumour nests (Figure 2B, D), whereas C8-
SLPI5 and C8-control (low SLPI expressors) had simply dilated vessels, with no evidence of
sinusoidal vasculature (Figure 2C). Immunohistochemical examination revealed that
endothelial cells of the sinusoidal vessels expressed CD31 antigen (Figure 2E) but not
prox-1 or LYVE-1 (Figure 2F), which are markers for lymphatics, indicative of blood vessel
origin. C8-SLPI2 induced a sequential metastatic process of the invasion-independent
pathway, including intravasation of endothelial-coated tumour emboli in the drainage veins
(Figure 2G), intravascular growth in the pulmonary arterioles (Figure 2H), extravasation
(Figure 2I) and colony formation in the lung.

Effects of SLPI over-expression on tumour angiogenesis in vivo
To assess the development of sinusoidal vasculature within the inoculated tumours,
intratumoural vascular area was measured using an image analyser. Whereas the proportions
of vascular areas in the periphery of the tumours were equally low in all transfectants with
SLPI and empty vector, those in the central regions were significantly higher in C8-SLPI2
and -5 than in the C8-control (p < 0.01 and p < 0.05, respectively; Figure 3A). The increased
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vascular areas in these SLPI-transfectants are in line with the histological findings indicating
the induction of sinusoidal blood vessels. In contrast with the sinusoidal vascular
development, the double immunostaining technique for CD31 and Ki67 demonstrated that
the endothelial proliferation activity of the sinusoidal vessels in the C8-SLPI2 tumours was
not higher than that of vessels with normal structure in the same tumours or C8-control
tumours (Figure 3B). We evaluated the effect of SLPI over-expression on the steps of the
angiogenesis process; vascular proliferation and vascular extension, using the dorsal air sac
assay. SLPI over-expression did not affect vascular proliferation, as evaluated by vascular
density, but significantly reduced the extension of newly-formed blood vessels (p = 0.02;
Figure 3C). These data suggest that SLPI may also have an anti-migration effect on blood
vessels, which can induce vascular remodelling to form the sinusoidal architecture.

SLPI suppresses vascular migration
We examined the effect of SLPI directly on host vascular formation, including endothelial
cell growth and vascular migration. In in vitro studies using rSLPI, the protein did not affect
endothelial cell proliferation (Figure 4A). By contrast, rSLPI inhibited human endothelial
cell migration in a dose-dependent manner in the in vitro migration assay using Matrigel (p
< 0.01 for dose effect by one-way ANOVA, followed by Fisher’s PLSD procedure; Figure
4B). An in vivo study using the Matrigel plug assay showed that rSLPI also caused a dose-
dependent reduction in the number of newly formed blood vessels migrating into the
Matrigel (p < 0.01 for dose effect by one-way ANOVA, followed by Fisher’s PLSD
procedure; Figure 4C). This inhibition was maintained by rSLPI even in the presence of the
angiogenesis-inducing factor bFGF (p < 0.01).

Discussion
This study indicates a new relationship between cancer invasion and metastasis, where a
molecule such as SLPI, which suppresses the invasive activity of cancer cells, can
concomitantly promote increased metastatic potential. Current hypotheses propose that the
invasion of cancer cells into the stroma and through the vascular wall is an essential step in
the metastatic process. In contrast, we have previously reported data supportive of an
alternative metastatic pathway, independent of cancer invasion, in a mouse mammary
tumour model [4], and we have presented evidence for the existence of the same pathway in
human cancers [5]. However, little was known about the molecular mechanism regulating
this alternative metastatic pathway. This study provides a potential mechanism for this
pathway and suggests that it is dependent on anti-invasive activity, rather than being
independent of invasiveness.

Our study revealed that SLPI can inhibit the invasive activity of cancer cells. SLPI is a
kazal-type serine protease inhibitor of neutrophil elastase, cathepsin G, chymotrypsin and
trypsin. Most of these enzymes are known to promote cancer invasion and progression
[19,20]. In addition, SLPI can suppress the production of matrix metalloproteinases (MMP1
and -9), which are important for cancer invasion, independent of its anti-protease activity in
monocytes [21]. These data on the biological activities of SLPI suggest that this molecule
may function as a potential anti-invasive agent for cancer cells. In our system, over-
expression of SLPI by transfection and/or the addition of exogenous SLPI inhibited cancer
invasion in vitro. Further studies on other tumour cell lines will be needed to confirm the
correlation of SLPI expression with cancer invasion and aggressiveness.

Our data demonstrate that SLPI promoted in vivo growth and spontaneous metastasis in a
mouse mammary tumour model system. There have been reports that SLPI can enhance
tumour growth and aggressiveness [11,13,15]. In the present study, over-expression of SLPI
did not directly affect cell proliferation in vitro but increased the in vivo growth of mouse
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mammary tumour cells. The discrepancy between the in vitro and the in vivo cell
proliferation may be explained by angiogenic activity, because SLPI transfectants induced
well-developed vasculature in resulting tumours when orthotopically inoculated into the
mammary fat pad, while controls did not.

The molecular mechanisms involved in the promotion of metastasis by SLPI have not
previously been clarified, primarily because of a lack of models for cancer metastasis
without invasion [22]. According to our concept of the invasion-independent metastasis
pathway, it would not be surprising that an anti-protease, or anti-invasive factors, can
participate in enhancing metastatic potential. In our system, over-expression of SLPI by
transfection promoted spontaneous lung metastasis of MCH66C8 via the invasion-
independent pathway, where tumour nests are enveloped by sinusoidal vessels and
subsequently released into the bloodstream. In this pathway, the formation of an organized
tissue complex composed of tumour nests and surrounding sinusoidal blood vessels seems to
be a key event. Our previous study demonstrated that tumour nests within mouse mammary
tumours displayed non-invasive features, such as conserving a continuous basement
membrane, even during the metastatic process [3]. An anti-invasive effect of SLPI may play
an important role in forming and conserving these well-organized tumour nests in the
metastatic process.

Furthermore, SLPI can affect not only tumour cell behaviour but also blood vessel
formation. Recombinant SLPI inhibited the migration activities of vascular endothelial cells,
both in vitro and in vivo, whereas it did not affect the in vitro cell growth. At first sight, it
seems counter-intuitive that a so-called ‘anti-angiogenic’ molecule, SLPI, can induce a well-
developed sinusoidal vasculature in primary tumours. This is likely due to the
morphogenesis of the sinusoidal vasculature, which seems to be generated not in the usual
angiogenic process, which involves endothelial growth, vascular extension and tube
formation, but in a specific remodelling process of newly formed blood vessels with other
constituent steps. The sinusoidal vessels were localized to the perinecrotic area in the
tumours of SLPI transfectants, although SLPI proteins were uniformly over-expressed in the
whole area. This observation indicates that the collaboration of other molecules, such as
hypoxia-related angiogenesis factors and necrosis-induced cytokines, may be necessary for
sinusoidal angiogenesis and subsequent blood-borne metastasis.

In conclusion, this study provides a new model explaining why SLPI, an anti-invasive
molecule, can promote cancer metastasis. The over-expression of SLPI-induced sinusoidal
tumour vasculature, which is an initial step of the invasion-independent pathway of cancer
metastasis. The inhibitory effects of SLPI on both cancer cells and the cells of the host
vasculature may influence the interactions between them, and thus lead to the formation and
conservation of well-organized tumour emboli during the invasion-independent metastatic
process.
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Figure 1.
Over-expression of SLPI promoted tumour growth and suppressed in vitro invasion. (A)
Western blotting. SLPI protein expression was determined in cell lysates. Lane 1, MCH66
(parent cell line of MCH66C8); lane 2, C8-control; lane 3, C8-SLPI2; lane 4, C8-SLPI4;
lane 5, C8-SLPI5. Relative protein expression levels of SLPI to β-actin in C8-SLPI2, -4, and
-5 were 10.6-, 1.2-and 3.0-fold, respectively, higher than that in the C8-control. (B)
Immunohistochemistry of C8-SLPI2 and C8-control tumours. Myc-tagged SLPI expression
was analysed in the transfectants, using antibodies to SLPI and Myc-tag. (C) Tumour growth
in vivo. Tumour volumes of tumours were monitored at weekly intervals. Tumour growth of
C8-SLPI2 and -5 (high SLPI expressers) were more rapid than C8-control and C8-SLPI4
(low expressers). (D, E) Histograms of in vitro invasion assays through Matrigel. (D) The
number of C8-SLPI2 cells migrating through the filter were significantly fewer than that of
C8-control cells (p < 0.01). (E) Recombinant SLPI treatment demonstrates a dose-dependent
effect on invasion-suppressive activity on MCH66C8 cells (p <.0.05 for dose effect by one-
way ANOVA, followed by Fisher’s PLSD procedure). Each value in (C–E) represents mean
± SD of triplicate measurements
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Figure 2.
Histology of orthotopically inoculated tumours derived from C8-SLPI2 cells. C8-control (A,
×20), and C8-SLPI2 (B, ×20) tumours showed similar morphology, characterized by a solid
sheet pattern at the periphery. In the perinecrotic regions, C8-control tumours induced
simply dilated blood vessels (C, ×200), which were surrounded by CD31-positive
endothelial cells (inset, ×100). In contrast, C8-SLPI2 formed a well-developed sinusoidal
vasculature which closely surrounded the tumour nests (D, ×400). The sinusoidal vessels
were lined by CD31-positive (E, ×400) and LYVE-1-negative (F, ×400) endothelial cells,
indicative of vascular origin. Inset of (F) shows subcutaneous lymphatics as a positive
control for LYVE-1 (×100). Tumour emboli were released in the drainage vein (DV) from
the primary tumour (F, ×100) and arrested in the pulmonary arteriole, followed by
intravascular growth (G, ×100) and the formation of metastatic nodules in the lung (H,
×100). H&E stain (A–D, G, I); Elastica Masson stain (H)
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Figure 3.
The effects of SLPI on tumour angiogenesis. (A) The sinusoidal development of tumour
vessels was assessed by means of measuring the proportion of vascular area at the periphery
and the centre of tumours transfected with SLPI and control vector (*p < 0.01 and **p < 0.05
compared with C8-control). (B) Endothelial proliferation of tumour vessels induced by C8-
control and C8-SLPI2 cells was quantified, using a double immunohistochemical technique
to stain the endothelial cells for CD31 expression (dark blue) and stain proliferating cells for
Ki67 (brown). The sections were counterstained with haematoxylin. The proportion of Ki67-
positive cells in sinusoidal vessels in the centre of the C8-SLPI2 tumour was not
significantly different from the small vessels in the peripheral area or C8-control tumour.
(C) Angiogenesis activities of the transfectant cells with SLPI using the dorsal air sac assay.
Vascular density was assessed by counting the vascular number per five high-power fields in
the subcutaneous tissue of a vertical histological section. Vascular extension was estimated
by measuring the distance of vascular sprouts from the subcutaneous muscle. Each value in
(A–C) represents mean ± SD
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Figure 4.
The effect of SLPI on in vitro growth and migration of HUVECs. (A) 1 × 104 cells/well
were seeded in triplicate in 12-well plates and cultivated in growth medium containing
recombinant SLPI at the indicated concentration. Cell numbers were determined by direct
counting, using a haemocytometer, after detachment of adherent cells. (B) Effect of SLPI on
endothelial cell migration. A total of 1 × 105 HUVECs were seeded in the upper chamber of
a culture insert coated with Matrigel containing rSLPI (0, 0.1 and 1 μg/ml). After 6 h
incubation, the migrating cells were counted. (C) Effect of SLPI on an in vivo Matrigel plug
assay. Various doses of rSLPI were mixed with Matrigel, with or without bFGF (100 ng/ml).
A total of 0.5 ml Matrigel was implanted into the mouse. After 7 days, the Matrigel plug
was removed and neovessel formation was quantified by calculating the vascular density.
The dose-dependent effects of rSLPI in (B) and (C) were validated by one-way ANOVA,
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followed by Fisher’s PLSD procedure. Each value in (A–C) represents mean ± SD of
triplicate measurements
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