
Slit2 promotes tumor growth and invasion in chemically
induced skin carcinogenesis
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Slit, a neuronal guidance cue, binds to Roundabout (Robo) receptors to modulate neuronal, leukocytic, and endothelial
migration. Slit has been reported to have an important effect on tumor growth and metastasis. In the current study, we
evaluated the role of Slit2 in skin tumor growth and invasion in mice using a two-step chemical carcinogenesis protocol.
We found that Slit2 expression correlated with the loss of basement membrane in the samples of human skin squamous
cell carcinoma at different stages of disease progression. Slit2-Tg mice developed significantly more skin tumors than
wild-type mice. Furthermore, the skin tumors that occurred in Slit2-Tg mice were significantly larger than those in the
wild-type mice 10 weeks after 7,12-dimethylbenz[a]anthracene initiation until the end of the experiment. We also found
that pathological development of the wild-type mice was delayed compared with that of Slit2-Tg mice. To further
investigate the mechanism of increasing tumors in Slit2-Tg mice, we analyzed the expression of 5-bromo-20-deoxyuridine
(BrdU) in mouse skin lesions and found that the number of BrdU-positive cells and microvessel density in skin lesions
were significantly higher in Slit2-Tg mice than in wild-type mice. Histological staining of PAS and type IV collagen and the
colocalization of Slit2 and type IV collagen demonstrated varying degrees of loss of the basement membrane in the skin
lesions from Slit2-Tg mice that were at the stage of carcinoma in situ. However, the basement membrane was well
defined in the wild-type mice. In addition, MMP2, but not MMP9, was upregulated in the skin tissue of Slit2-Tg mice.
Interruption of Slit2–Robo1 signaling by the antibody R5 significantly repressed the invasive capability of the squamous
cell carcinoma cell line A431. Taken together, our findings reveal that Slit2 promotes DMBA/TPA-induced skin tumor-
igenesis by increasing cell proliferation, microvessel density, and invasive behavior of cutaneous squamous cell carci-
noma, along with loss of basement membrane, by upregulation of MMP2 expression.
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Skin cancer is one of the most common malignant tumors.
Approximately 2 to 3 million cases of nonmelanoma skin
cancer occur annually worldwide, and its incidence has been
rising rapidly over the past several decades.1 Skin cancer
develops through a multistage process that includes initiation,
promotion, and progression, as shown in experimental animal
models.2 The two-stage murine skin carcinogenesis model,
which comprises two distinctly separate stages (initiation and
promotion), is one of the most well-established in vivo models
of experimental carcinogenesis. After 7,12-dimethylbenz[a]
anthracene (DMBA) initiation, repeated applications of the

tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA)
promote papillomas and eventually carcinomas.3 Slit, a
member of neuronal guidance cues, has been implicated to
play an important role in tumor progression.4

The Slit family consists of three members (Slit1, Slit2, and
Slit3) that are expressed in the nervous system, whereas Slit-2
and Slit-3 are also found in other tissues, such as skin, lungs,
and lymphoid organs.5–8 The receptor for Slit is Round-
about (Robo), a transmembrane protein.9–12 The interaction
of Slits with Robo has a significant effect on axon guidance
and neuronal migration.13–15
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Recently, Slit2 has been reported to play a significant role
in carcinogenesis. Some studies have indicated that in human
cancers, the Slit2 gene is frequently inactivated by hyperme-
thylation in the promoter region or by allele loss in lung,
breast, ovarian,16 and colorectal cancers as well as malignant
gliomas,17–19 suggesting a tumor-suppressive role for Slit2. In
breast cancer, lung cancer, and medulloblastoma cells, Slit2
inhibited cell migration and invasion in vitro.20–22 Kim et al22

showed that transfection with Slit2 suppressed the metastasis
of HT1080 tumor cells in lungs after intravenous inoculation.
In addition, lower levels of Slit2 expression were associated
with overall poor prognosis and disease-free survival of non-
small-cell lung cancer (NSCLC) patients.23 However, some
studies have demonstrated that Slit2 expression is increased
in prostate cancer, malignant melanoma, rectal mucinous
adenocarcinoma, invasive breast carcinoma, gastric cancer,
and hepatocellular carcinoma.24,25 Furthermore, it has been
reported that Slit–Robo signaling plays a significant role in
promoting tumor-induced angiogenesis.25 Tumor growth is
inhibited in vivo by specific neutralization of the Slit2–Robo1
interaction.25,26 It has also been found that Slit2 is a novel
regulator of adult lymphangiogenesis and functions to
promote lymphatic metastasis of b-cell carcinomas.27 These
findings suggest that Slit2 may positively or negatively
regulate tumorigenesis, invasion, and metastasis.

To verify whether Slit2 plays a crucial role in skin tumor
growth and invasion, we used Slit2-Tg mice in a two-stage
skin carcinogenesis protocol based on initiation with DMBA,
followed by promotion with TPA. The results from this study
have established that Slit2-Tg mice are susceptible to skin
tumor formation, mainly because the overexpression of
Slit2 results in proliferation of tumor cells. Our work also
demonstrates that Slit2 promotes invasive behavior in cuta-
neous squamous cell carcinoma with loss of basement
membrane.

MATERIALS AND METHODS
Mice
C57 mice (permit number: SCXK(Yue)2008-0002) were
purchased from Guangdong Medical Animal Experiment
Center (Guangdong, China). Slit2 transgenic mice (permit
number: SYXK(Yue)2012-0125) were obtained from Jian-
Guo Geng’s lab and were generated according to previous
reports.27 Slit2 gene was detected by PCR using the following
primers: Slit2 FW, 50-CCCTCCGGATCCTTTACCTGTCAA
GGTCCT-30; Slit2 RV, 50-TGGAGAGAGCTCACAGAACAA
GC CACTGTA-30. All animal studies were approved by the
Institutional Laboratory Animal Care and Use Committee.

Human Samples
Patients with skin diseases agreed to provide skin specimens
for histological examination. The samples were obtained
from patients who underwent a surgical treatment or biopsy,
and the samples were embedded in paraffin. The paraffin-
embedded samples included normal skin (n¼ 12), epithelial

hyperplasia (n¼ 11), carcinoma in situ (CIS; n¼ 15), and
carcinoma (n¼ 13). Tissues were collected from the Derma-
tological Department, NanFang Hospital, Guangzhou, China.
The specimens were chosen according to the original
pathological diagnosis. The hematoxylin and eosin (H&E)-
stained sections were then reevaluated by two experienced
pathologists who were blinded to the source of the tissues,
according to the World Health Organization classification
guidelines.

Two-Stage Skin Carcinogenesis Assay
In this assay, 7- to 10-week-old mice were used. The dorsal
skin of the mice was shaved 3 days before DMBA treatment.
First, the mice were treated with 100 mg DMBA in 200 ml
acetone under yellow light, and control mice were treated
with 200 ml acetone. All the mice were kept in the dark for 12
to 24 h following DMBA or acetone vehicle treatment. At
1 week after DMBA treatment, the mice were treated with
either 2.5 mg TPA in 100 ml acetone or 100 ml acetone alone
twice a week that was continued for 20 weeks. Furthermore,
mice were observed twice a week, after the diameter of exo-
phytic growths of skin was 41mm. Four mice were killed by
decapitation after treatment for 8, 12, or 16 weeks. All of the
mice were killed after 20 weeks of treatment. The skin
growths were removed, fixed in 10% formalin, and stained
with H&E or hematoxylin and periodic acid–Schiff (PAS) for
histopathological examination. All the animal experiment
procedures were performed according to the regulations of
the China National Guide for the Care and Use of Laboratory
Animals.

Evaluation of Tumor Growth
The skin of the mice that were subjected to the classical two-
step skin carcinogenesis protocol was examined twice a week
after the skin tumors were 41mm in diameter and the size
of the tumors had stabilized. Skin growths that were 41mm
in diameter and lasted for at least 2 weeks were regarded as
tumors and recorded. Tumor diameters were calculated and
recorded every 2 weeks.

Histological Analysis and Pathological Evaluation of
Skin Tumors
After treatment with DMBA/TPA for 8, 12, or 16 weeks and
completion of the skin tumor protocol, the mice were killed
and the skin lesions were collected, fixed in 10% formalin,
and embedded in paraffin using standard procedures. Sec-
tions (3 mm) were stained with H&E or PAS reagent. The
sections that were stained with H&E were evaluated by three
independent observers who were blinded to the source of the
tissues. The specimens were classified as hyperplasia, dys-
plasia, CIS, or carcinoma. Frozen sections (6mm) were cut
using a cryostat and were then fixed in acetone for 10min.
The slides were then stored at � 20 1C for immuno-
fluorescence after being dried for 2 h at room temperature.
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Measurement of Epidermal Thickness
The H&E-stained tissue sections were photographed using a
Leica microscope. The thickness of the epidermis was mea-
sured in the images using the Image-Pro Plus (IPP) software.
A line connecting the intact stratum corneum to the dermal–
epidermal junction was drawn by hand, and the IPP software
recorded the length of each line segment drawn. Twenty line
segments were drawn on each of the five sections per slide for
a total population of 100 thickness measurements per skin
sample.

Immunohistochemical and Immunofluorescence Assay
For immunohistochemistry, the paraffin sections were
retrieved under high pressure in 10mM citrate buffer
(pH 6.0). The sections were then blocked with 0.3% H2O2

solution for 30min at 37 1C, followed by serum for 50min,
and were then incubated with anti-BrdU (ZSGB-BIO), CD31
(Santa Cruz), MMP2 (Santa Cruz), or MMP9 (Santa Cruz)
antibody overnight at 4 1C. The next day, the sections were
incubated with secondary antibody (ZSGB-BIO) for 50min.
Finally, sections were stained with diaminobenzidine sub-
strate (Pierce) and counterstained with hematoxylin. For
immunofluorescence, the frozen sections were boiled for
antigen retrieval in 10mM citrate buffer for 10min at 100 1C
and cooled to room temperature for 1.5 h. After nonspecific
antibody binding was blocked with serum, the sections were
incubated with antibodies for Slit2 (Abcam), Robo1
(Abcam), or collagen type IV (Millipore) overnight at 4 1C.
The slides were then incubated for 50min at 37 1C with
secondary antibody Alexa Fluor 488-conjugated donkey anti-
mouse IgG (Invitrogen) or Alexa Fluor 555-conjugated goat
anti-rabbit IgG (Invitrogen). For nuclear staining, slides
were incubated with 40,6-diamidino-2-phenylindole (DAPI;
Sigma) for 10min at room temperature. The slides were then
rinsed and coverslipped with fluorescent mounting medium
(ZSGB-BIO). The stained sections were evaluated using a
confocal laser scanning microscope.

Migration Assay
The migration assay was investigated using a 48-well micro
chemotaxis chamber (Neuro Probe). The PVP-free poly-
carbonate membranes (8mm pore size) were hydrated with
1% gelatin for 60min. Then, 26 ml of EMDM medium with
10% FBS was added to the lower chambers. Furthermore,
A431 cells (5� 105 cells/ml) were cultivated in 50 ml serum-
free medium (with or without R5) in the upper chambers at
37 1C for 12 h. The filters were then fixed in 4% para-
formaldehyde and stained with 1% crystal violet for 3 h. The
migrated cells were photographed and counted.

Invasion Assay
Cell invasion was investigated using a Transwell chamber
(Millipore) with Matrigel (BD). The Transwell chamber
membranes (8 mm pore) were hydrated with serum-free
medium for 2 h. After hydration, the Transwell chambers

were coated with 20 ml Matrigel and were incubated at 37 1C
for 2 h. The A431 cells (3� 105 cells/ml) were added to the
upper chambers in 200 ml serum-free medium (with or
without R5), whereas 600 ml of DMEM medium with 10%
FBS was added to the lower chambers of the 24-well plate.
The plate was incubated at 37 1C for 24 h. After 24 h, the
invaded cells were fixed in 4% paraformaldehyde and stained
by 1% crystal violet for 20min. Noninvasive cells were wiped
off by cotton swabs. The invading cells were photographed
and counted.

Statistical Analysis
All data are shown as mean values±s.e.m. Statistical signifi-
cance was determined by Mann–Whitney U-test and
Wilcoxon t-test. For all tests, Po0.05 or o0.01 was con-
sidered statistically significant or very significant.

RESULTS
Expression of Slit2 and Type IV Collagen in Human Skin
Tissue
We investigated the correlation of Slit2 expression with the
loss of basement membrane in 39 samples of human skin
squamous cell carcinoma at different stages of disease pro-
gression. The pathological stages of the tissue used were
normal, hyperplasia, CIS, and carcinoma. Notably, Slit2 was
rarely expressed in the normal skin (0/12 cases, 0% positive)
or in hyperplastic tissues (1/11 cases, 9% positive)
(Figure 1a). Furthermore, a well-defined basement mem-
brane was observed in the skin lesions from normal skin and
hyperplastic tissue by type IV collagen staining (Figure 1b).
Expression of Slit2 was displayed with increasing frequency in
samples of CIS (10/15 cases, 67% positive) and carcinoma
(10/13 cases, 77% positive) (Figure 1a). Slit2 was remarkably
increased in CIS tissues compared with hyperplastic skin, in
which there was almost no expression of Slit2. However, there
were varying degrees of loss of basement membrane in the
skin lesions from CIS and carcinoma (Figure 1b). These
results suggest that Slit2 might be involved in skin tumor-
igenesis.

Slit2 Promotes Chemically Induced Skin Tumorigenesis
To evaluate our in vivo findings in humans, Slit2-Tg mice and
wild-type mice (wild-type, n¼ 40 and Slit2-Tg, n¼ 34) were
used to establish the DMBA/TPA two-stage carcinogenesis
model28 that induces de novo skin tumors.

As shown in Figure 2a, formation of skin papilloma was
induced by DMBA/TPA treatment of the skin in both Slit2-
Tg and wild-type mice. Early tumor formation was found on
the back of wild-type (n¼ 28) and Slit2-Tg (n¼ 22) mice
7 weeks after DMBA initiation (Figure 2b). Compared with
wild-type mice, the number of skin tumors significantly
increased in Slit2-Tg mice (Po0.05) between 12 and
16 weeks after DMBA treatment. Furthermore, the tumors
that appeared in Slit2-Tg mice between 10 and 16 weeks
after DMBA treatment were significantly larger than those in
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Figure 1 Expression of Slit2 and type IV collagen in human skin tissues. (a) Slit2 was not expressed in human normal and hyperplastic skin tissues.

However, expression of Slit2 was remarkably increased in carcinoma in situ (CIS) and carcinoma tissues. (b) There was a well-defined basement

membrane in normal and hyperplastic human skin tissues, as observed by type IV collagen staining. The basement membrane showed varying degrees

of loss in the skin lesions with CIS and carcinoma. Scale bar: 20 mm.

Figure 2 Slit2 promotes chemically induced skin tumorigenesis. Two-stage chemical carcinogen testing was performed in wild-type or Slit2-Tg mice as

described in the Materials and Methods. (a) Representative photographs of the back of mice in different populations 16 weeks after DMBA initiation.

(b) The mean average number of tumors per mouse over time. (c) Average skin lesion diameters in wild-type and Slit2-Tg mice. Student’s t-test was

used for statistical analysis. *Po0.05 and **Po0.01.
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wild-type mice (Po0.05 and Po0.01; Figure 2c). These data
suggest that Slit2 promotes the initiation and development of
mouse skin tumors when induced by DMBA/TPA treatment.

Effect of Slit2 on Characteristics of Skin Tumor
Progression and Epidermal Hyperplasia
DMBA/TPA treatment caused the epidermis to gradually
demonstrate abnormalities in morphological architecture
consistent with tumor formation, including a much thicker
suprabasal compartment, an expanded stratum corneum,
and a more dispersed granular layer (Figure 3a). In addition,
it is very evident that epidermal structures invaginate into the
dermis (Figure 3a). Furthermore, pathological development
in wild-type mice was delayed compared with that of Slit2-Tg
mice (Figure 3a). Figure 3b summarizes the epidermal
thickness that was determined from H&E-stained sections in
wild-type and Slit2-Tg mice after 8, 12, and 16 weeks of the
classical two-stage chemical carcinogenesis protocol. As
expected, epidermal thickness in Slit2-Tg mice was increased
compared with that of the corresponding aged wild-type
mice.

Slit2 Promotes DMBA/TPA-Induced Cell Proliferation
and Angiogenesis
To understand whether increased tumor volume in Slit2-Tg
mice was due to the promotion of cell proliferation and
angiogenesis, expression of 5-bromo-20-deoxyuridine (BrdU)

and CD31 in mouse skin lesions was analyzed. As we pre-
dicted, the number of BrdU-positive cells in skin lesions was
significantly higher in Slit2-Tg mice than in wild-type mice
that were treated with DMBA/TPA between 8 and 16 weeks
(Figure 4a). Immunohistochemical staining with anti-CD31
antibody revealed less neovasculature in the tissues from
wild-type mice compared with Slit2-Tg mice (Figure 4b).
Statistical analysis further indicated a reduction of MVD in
the tissues of wild-type mice when compared with the MVD
in the tissues of Slit2-Tg mice (Figure 4b).

Regional Losses of Basement Membrane in Skin Lesions
in CIS
Because Slit2 could promote DMBA/TPA-induced tumor
growth, we then examined the effect of Slit2 on tumor
invasion. All sections containing epithelial components were
analyzed for an intact basement membrane by histological
staining of PAS and type IV collagen. A well-defined base-
ment membrane (dashed line) was identified in skin lesions
from Slit2-Tg mice at the stage of hyperplasia and in skin
lesions from wild-type mice in the stages of hyperplasia and
CIS, as shown by PAS or collagen IV staining (Figures 5a and
b). There were varying degrees of loss of the basement
membrane (arrowhead) in the skin lesions of Slit2-Tg mice
that were at the stages of CIS and carcinoma, and similarly
in skin lesions of wild-type mice that were in the stage of
carcinoma (Figures 5a and b).

Figure 3 Histological characteristics of formation of skin tumors and epidermal thickness. (a) The epidermis of wild-type mice and Slit2-Tg mice after 8,

12, and 16 weeks of the classical two-stage chemical carcinogenesis protocol revealed striking abnormalities in epidermal architecture consistent with

tumor formation, including the appearance of pseudohorn cysts. (b) Epidermal thickness in wild-type and Slit2-Tg mice. SB, suprabasal compartment.
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Figure 4 Immunohistochemical staining for BrdU in the skin lesions from Slit2-Tg mice and wild-type mice treated with DMBA/TPA. (a) The number

of BrdU-positive epidermal cells was counted from at least 100 cells in five separate fields for each section at every period (n¼ 4). (b) The staining of

CD31 for neovasculatures in TPA/DMBA-induced carcinogenesis. *Po0.05, **Po0.01 and ***Po0.001.

Figure 5 Periodic acid–Schiff (PAS) staining and IF staining for type IV collagen in the skin lesions of Slit2-Tg mice and wild-type mice. (a) PAS staining

demonstrates partial loss of PAS-positive basement membrane in skin lesions of Slit2-Tg mice in the stage of CIS and carcinoma and in skin lesions of

wild-type mice in the stage of CIS. Note a continuous linear pattern in the basement membrane (BM) of skin lesions from Slit2-Tg mice in the stage of

hyperplasia and that of wild-type mice in the stage of hyperplasia and CIS. (b) BM was revealed by type IV collagen staining (red). DAPI (blue) was

used as a nuclear stain. Arrowheads indicate basement membrane-positive location and arrows indicate basement membrane-negative location.

Scale bar: 20 mm.
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Figure 5 For caption see page 771.
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Loss of Basement Membrane Is Correlated with Slit2
Overexpression
To further investigate whether Slit2 promotes the loss of the
basement membrane, we first studied the expression of Slit2
in the skin lesions of C57 and Slit2-Tg mice. We observed

that expression of Slit2 and Robo1 was high in skin lesions
from Slit2-Tg mice but was low in skin lesions of wild-type
C57 mice (Figure 6a and Supplementary Figure 1). Because
of the increased expression of Slit2 in skin lesions from Slit2-
Tg mice, coexpression of type IV collagen and Slit2 in mouse

Figure 6 Loss of basement membrane is correlated with Slit2 overexpression. (a) Expression of Slit2 in the skin lesions from Slit2-Tg and C57 mice. (b)

Immunofluorescent staining for type IV collagen (red) and Slit2 (green) in the skin lesions from Slit2-Tg mice and wild-type mice in the stage of CIS.

Type IV collagen expression in the skin lesions from Slit2-Tg mice is partly lost in the BM in Slit2-positive lesions, whereas type IV collagen expression is

maintained in the skin lesions from wild-type mice. DAPI (blue) was used as a nuclear stain. Scale bar: 20 mm.
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skin lesions in the CIS stage was analyzed. We observed that
there were varying degrees of loss of the basement membrane
in Slit2-positive skin lesions from Slit2-Tg mice in the CIS
stage (Figure 6b). However, expression of Slit2 was poor in
skin lesions from wild-type mice and the basement mem-
brane was essentially intact (Figure 6b).

Slit2 Promoted the Expression of MMP2
To explore the mechanism of the loss of the basement
membrane in the Slit2-Tg mice, we examined the invasion-
related protein using immunohistochemical staining.
Immunohistochemical staining analysis revealed that MMP2
expression was high in the tissues from Slit2-Tg mice
compared with wild-type mice (Figure 7), whereas MMP9
expression did not change between wild-type mice and
Slit2-Tg mice (Supplementary Figure 2).

R5 Inhibited A431 Cell Migration and Invasion
We further examined whether R5, a mouse monoclonal
IgG2b antibody to the first immunoglobulin domain of
Robo1 that blocks the interaction of Robo1 with Slit2,26

could inhibit A431 cell (human epidermal squamous cell
carcinoma cell) migration and invasion compared with the
isotype-matched control mouse IgG2b and the blank control.
We first found that Slit2 and Robo1 expression was high in
A431 cells (Supplementary Figure 3). As the representative
micrographs clearly demonstrate, R5 inhibited the A431cells
migration in a dose-dependent manner (Figure 8a). Similarly,

the invasion capability of A431 cells treated with R5 or IgG
was estimated by Matrigel invasion chamber assay. As
expected, R5 could significantly repress A431 cell invasion
ability compared with the IgG groups (Figure 8b).

DISCUSSION
Our previous results have shown that in addition to well-
characterized functions in axon guidance and neuronal
migration,15,29,30 Slit2 promotes DMBA/TPA-induced skin
tumorigenesis by promoting cell proliferation. Our current
results also indicate that Slit2 augments invasive behavior in
cutaneous squamous cell carcinoma with loss of basement
membrane.

Previously, Slit was known to be a chemorepellent in axon
guidance and neuronal migration and an inhibitor in leuko-
cyte chemotaxis.12,15,29–33 In addition, studies have indicated
that Slit2 may promote tumor growth and metastasis, but the
tumor-promoting property of Slit2 has not yet been reported
in skin cancers. Our data show that Slit2 promotes chemically
induced skin tumorigenesis (Figures 1–3). We also evaluated
the effect of Slit2 on the levels of BrdU, a cell prolifera-
tion marker.34 Immunohistochemical analysis showed that
number of BrdU-positive cells and MVD in skin lesions was
significantly higher in Slit2-Tg mice than in wild-type mice
(Figure 4). Consistent with our data, Slit2 can attract vascular
endothelial cells and promote tumor-induced angiogenesis in
a Robo1- and phosphatidylinositol kinase-dependent man-
ner.25,26 Therefore, it has been suggested that the expression

Figure 7 MMP2 expression in the skin lesions from Slit2-Tg and C57 mice. Wild-type and Slit2-Tg mice were killed after treatment with TPA/DMBA for

8, 12, or 16 weeks (7 animals at each time point). The skin slides were stained with preimmune IgG or anti-MMP2 antibodies. The statistical analysis

demonstrated that MMP2 expression was higher in the tissues from Slit2-Tg mice than that in the tissues of C57 mice. Scale bar: 20 mm. *Po0.05,

**Po0.01 and ***Po0.001.
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of Slit2 can be a useful marker for evaluating tumor malig-
nancy in humans.25 Previous studies by Wang et al25 have
shown that Slit2 protein is expressed in a number of tumor
cell lines and solid tumors in a center to periphery gradient.
Recently, Wang et al26 showed that in DMBA-induced
hamster buccal pouch squamous carcinogenesis, neutrali-
zation of Slit2–Robo1 interaction suppresses tumor angio-
genesis and growth. These data are consistent with our
mouse model data, indicating that Slit2 has an effect on skin
tumor growth through regulating proliferation of tumor
cells.

Metastatic spread is a complex process involving a series of
sequential events, including detachment of tumor cells from
the primary site, invasion through the basement membrane
and the underlying extracellular matrix (ECM), and finally,
intravasation. Basement membrane (BM) is a specialized
region of extracellular matrix that consists of different com-
ponents such as proteins and carbohydrates. This substance
usually comprises collagen types IV and V, laminin, fibro-
nectin, and sulfated and nonsulfated glycosaminoglycans.35–37

Collagen is the most abundant composition of the BM, and
among its different types, type IV is the main structural
component of the BM. Our results indicate that staining of

type IV collagen and PAS demonstrate partial loss of PAS-
positive basement membrane in the skin lesions of Slit2-Tg
mice that are at the stages of CIS and carcinoma and,
similarly in wild-type mice that are at the stage of CIS
(Figure 5). We also found that overexpression of Slit2 pro-
moted the loss of basement membrane. In line with our data,
other literature has verified that the repulsive axon guidance
molecule, Slit2, was a novel regulator of adult lymphangio-
genesis and functioned to promote lymphatic metastasis of
b-cell carcinomas.27

Next, we investigated whether the expression of MMP2
was higher in skin lesions from Slit2-Tg mice compared with
those from C57 mice (Figure 7). MMP2 is an extracellular
matrix-degrading enzyme38,39 and can enable cancer cells to
exhibit high invasive and metastatic ability.40 Furthermore,
our data show that R5 inhibited A431 cell migration and
invasion (Figure 8). Therefore, Slit2 may promote invasion of
squamous cell carcinoma through regulation of the expres-
sion of MMP2.

In summary, we found that Slit2 increases invasive beha-
vior in cutaneous squamous cell carcinoma with loss of the
basement membrane. We also show that Slit2 promotes
chemically induced skin tumorigenesis by promoting

Figure 8 R5 suppresses A431 cell migration and invasion in Transwell assay. (a and b) A431 cells were treated with various concentrations of R5 or

IgG. The number of cells passing through the filter was counted after staining with 1% crystal violet (magnification, � 200). (c and d) A431 cells treated

with various concentrations of R5 or IgG were added to Matrigel-coated filters and were incubated for 24 h. The number of cells passing through the

filter was counted after staining with 1% crystal violet (magnification, � 400). **Po0.01 and ***Po0.001.
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DMBA/TPA-induced cell proliferation and angiogenesis.
Our data provide evidence that Slit2 overexpression leads to
tumorigenesis through promoting MMP2 expression.
Further work investigating the potential role of Slit2 in cancer
susceptibility screening and cancer gene therapy is needed.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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