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Guidance molecules, such as Netrin-1, and their receptors have important roles in
controlling axon pathfinding, modulate biological activities of various cancer cells, and may
be a useful target for cancer therapy. Dorsal repulsive axon guidance protein (Draxin) is a
novel guidance molecule that binds not only common guidance molecule receptors with
Netrin-1, but also directly binds the EGF domain of Netrin-1 through a 22-amino-acid peptide
(22aa). By immunostaining, Draxin was positively expressed in small cell carcinoma,
adenocarcinoma (ADC), and squamous cell carcinoma of the lung. In addition, western blot
analysis revealed that Draxin was expressed in all histological types of lung cancer cell lines
examined. Knockdown of Draxin in an ADC cell line H358 resulted in altered expression of
molecules associated with proliferation and apoptosis. The Ki-67 labeling index of Draxin-
knockdown ADC cells was increased compared to that of control ADC cells. In H358 cells,
treatment of 22aa induced phosphorylation of histone H3, but did not change apoptosis-
associated enzymes. These data suggest that Draxin might be involved in cell proliferation
and apoptosis in lung adenocarcinoma cells.
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I. Introduction

Guidance molecules have crucial roles in controlling
axon pathfinding by which neurons can extend axons to
reach their correct targets. Guidance molecules work as a
cue to the growth cone, or growing axon tip, from the
extracellular environment and can attract or repel axons
through surface receptors, intracytoplasmic signaling path-
ways, and cytoskeletal changes. Guidance molecules, such
as Netrin, Ephrin, Slit and Semaphorin (Sema), and their
receptors have been identified and the molecular basis of
axon pathfinding has been established [9, 33, 36]. Dorsal
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repulsive axon guidance protein (Draxin) was discovered
by signal sequence trap screening of the chick embryonic
brain [18]. Draxin is a novel guidance molecule, and inhib-
its or repels neurite outgrowth from dorsal spinal cord and
cortical explants in vitro [18]. Guidance molecules were
originally described as controlling axon navigation in the
developing brains, but they can also work in branching
morphogenesis of the epithelial system and in the develop-
ment of the vascular network [16, 17, 32]. During fetal lung
development, Sema3A inhibits branching morphogenesis
via its receptor neuropilin 1, but other class 3 Semas, such
as Sema3C and Sema3F, stimulate branching morphogene-
sis and cell proliferation [19, 20]. Another guidance mole-
cule Netrin-1 is detected immunohistochemically in the
epithelial and mesenchymal tissues of fetal mouse lungs
[7], and Netrin-1 and Netrin-4 are have roles in the lung
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epithelial bud by modulating the morphogenetic response
of the lung endoderm to exogenous fibroblast growth fac-
tors [25]. Netrin receptors include two main protein fami-
lies: Deleted in Colorectal Cancer (DCC) and Neogenin,
and Uncoordinated family member 5 orthologues (UNC5)
[3, 23]. These receptors are spatially and temporarily
expressed in fetal developing lungs [7, 13, 25], and orches-
trate the development of lungs along with guidance mole-
cules.

Besides roles in development, guidance molecules and
their receptors have been reported to modulate biological
activities of various cancers cells including lung cancers [3,
28, 30]. Netrin-1 can stimulate the migration of human
melanoma, glioblastoma, and pancreatic adenocarcinoma
cells [10, 22]. Netrin-1 and its receptors are important for
angiogenesis [6, 27], and the proangiogenic effects of
Netrin-1 were reported in pancreatic cancer cell lines [10].
DCC, a Netrin receptor, was first identified as a candidate
tumor-suppressor gene in colorectal cancer [11], and DCC
may be a ligand-dependent suppressor [3]. When Netrin-1
binds DCC on the cell membrane, signals can lead to cell
proliferation and migration. However, in the absence of
Netrin-1, DCC signaling induces apoptosis [3, 4, 28]. The
mechanisms of induced apoptosis in the absence of ligands
is obscure, but could result from proapoptotic effectors
such as death-associated protein kinase and caspase 9 [26,
28, 29]. Because interaction between Netrin-1 and its
receptors can regulate cancer cell survival, inhibition of this
ligand-receptor system may be a useful target for cancer
therapy [28]. In lung adenocarcinomas, transfection of
siRNA for Netrin-1 enhanced lung adenocarcinoma cell
death. The fibronectin domain of DCC can work as a decoy
protein to inhibit Netrin-1 and DCC signaling and to induce
apoptosis [8].

Phenotypic similarities have been reported in Netrin-1
and Draxin-deficient mice [18, 31], which suggests some
common receptor-signaling system involving both ligands.
Draxin can bind to Netrin receptors such as DCC, Neoge-
nin, and UNC5 [1], but the binding sites on these receptors
may be different. Netrin-1 binds the fibronectin domain of
DCC and Neogenin [34], but Draxin binds the immuno-
globulin domain of DCC and Neogenin [1]. Recently,
Draxin was shown to bind a 22-amino-acid peptide (22aa)
of the EGF domain of Netrin-1, and through Draxin/Netrin-1
interaction, Draxin may act as a secreted Netrin-1 antago-
nist [15]. Because of the significant role of Netrin-1 and its
binding receptors in various cancer cells including lung
cancer, the expression and biological significance of Draxin
should be investigated. In the present study, expression of
Draxin was examined in surgically resected lung cancer tis-
sues and human lung cancer cell lines. Draxin-knockdown
experiments and Draxin 22aa treatment were performed
to reveal the biological significance of Draxin in a lung
adenocarcinoma cell line. Furthermore, a mouse lung
carcinogenesis study was performed in Draxin-deficient
mice.

II. Materials and Methods
Tissue samples

Lung cancer tissue samples of small cell carcinoma
(SCLC; n = 11), adenocarcinoma (ADC; n = 36), and squa-
mous cell carcinoma (SCC; n = 23), and normal lung
tissues from the lung cancer files of the Department of
Pathology and Experimental Medicine of Kumamoto Uni-
versity and from the Department of Thoracic Surgery of
Kumamoto University were used. Histological diagnosis of
the samples was made by the World Health Organization’s
criteria. The study followed the guidelines of the Ethics
Committee of Kumamoto University.

Immunohistochemical analysis
Formalin-fixed, paraffin-embedded specimens were

cut into sections (4 μm thick) and mounted onto MAS-GP–
coated slides (Matsunami Glass Ind, Osaka, Japan). After
deparaffinization and rehydration, sections were heated
using an autoclave in 0.01 mol/L citrate buffer (pH 7.0) for
antigen retrieval. Sections were incubated with 0.3% H2O2
in absolute methanol for 30 min to block endogenous per-
oxidase activity. Next, sections were incubated with 5%
skim milk for 20 min to block non-specific binding. After
this blocking step, sections were incubated with primary
antibody (Table 1) at 4°C overnight or for 70 min at room
temperature. This was followed by a 1-hour incubation
with secondary antibody (En Vision+ System-HRP-Labeled
Polymer; Dako (Agilent), CA, USA) and visualization with
Liquid DAB+ Substrate Chromogen System (Dako). All
slides were counterstained with hematoxylin for 30 sec
before dehydration and mounting. The specificity of
immunolabeling of each antibody was tested using normal
mouse IgG (Santa Cruz Biotechnology, CA, USA) and
normal rabbit IgG (Santa Cruz Biotechnology), and no
staining was observed.

Cell lines
Seven SCLC cell lines (H69, H889, H69AR, SBC1,

H1688, SBC3, SBC5), three ADC cell lines (H358, A549,
H1975), and three SCC cell lines (H226, H2170, H15) were
used. H69, H889, H69AR, SBC1, H1688, H358, A549,
H1975, H2170, and H226 were purchased from ATCC
(Manassas, VA, USA), and SBC1, SBC3, and SBC5 were
purchased from the Japan Collection of Research Biore-
sources Cell Bank (Osaka, Japan). H15 was a generous gift
from Dr. Adi F. Gazdar (University of Texas Southwestern
Medical Center, Dallas, TX, USA).

Transfection with siRNA
Draxin siRNA (sc-88131, Santa Cruz) and control

siRNA (sc-37007, Santa Cruz) were transfected into an
adenocarcinoma cell line H358 at a concentration of 20
nmol/L using an electroporator (NEPA21 pulse generator;
Nepa Gene, Chiba, Japan) as described in the manufac-
turer’s instructions. Cells were harvested 72 hr after
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transfection and separated for Ki-67 immunostaining by
centrifugation. Collected cells were heated using an auto-
clave in 0.01 mol/L citrate buffer (pH 9.0) for antigen
retrieval. The methods after antigen retrieval were the
same as the immunostaining methods described above. We
observed about 1000 cells using a microscope and calcu-
lated the cell death rate.

Statistical analysis
All statistical analyses were performed with EZR

(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria) [21]. More precisely, it is a modified version of R
commander designed to add statistical functions frequently
used in biostatistics.

WB analysis
Lung cancer cell lines were used for WB analysis.

Primary antibodies used for WB analysis are listed in
Table 1. The membrane was washed and incubated with
secondary antibody conjugated with horseradish peroxidase
for 1 hr, and the immune complex was visualized with a
chemiluminescence substrate (Amersham Pharmacia
Biotech, Buckinghamshire, UK).

Synthesis of Biotin-Draxin 22-amino-acid peptide (22aa)
NH2-PEG2-Suc-Gly-Glu(OtBu)-Val-Met-Pro-

Thr(tBu)-Leu-Asp(OtBu)-Met-Ala-Leu-Phe-Asp(OtBu)-
Trp(Boc)-Thr(tBu)-Asp(OtBu)-Tyr(tBu)-Glu(OtBu)-
Asp(OtBu)-Leu-Lys(Boc)-Pro was assembled from RINK-
ChemMatrix resin using the standard Fmoc protocol. A
mixture of Biotin-OSu and DIPEA in DMF was added to
the protected peptide resin to produce a biotin-modified

derivative. The resin was washed with methanol and dried
in vacuo. An aliquot of the resin was treated with a mixture
of TFA/water/ethanedithiol/triisopropylsilane (94:2.5:2.5:1)
for 2 hr, followed by precipitation in cold dimethyl ether.
The crude peptide was purified by HPLC on a Cosmosil
5C18 ARII column (4.6 × 250 mm) with two solvent sys-
tems and the gradient elution method at a flow rate of 1
mL/min. Solvent A was 0.1% TFA in water, and solvent B
was 0.1% TFA in acetonitrile. After lyophilization, Biotin-
Draxin22 was obtained as a white powder. Draxin 22aa was
measured by matrix-assisted laser desorption/ionization
time-of-flight mass spectroscopy. The calculated mass for
(M+H)+ was 3041.40. The concentration analysis of
Draxin 22aa was quantified using Quant*Tag Biotin kit
(VECTOR Laboratories, CA, USA).

Draxin 22aa treatment in the H358 adenocarcinoma cell line
H358 adenocarcinoma cells were seeded onto a 6-well

plate. At 50% confluency, medium was replaced with
medium plus Draxin 22aa. The concentration of the peptide
was prepared at 1 μM, 10 μM, and 100 μM. After H358
cells were incubated for 2 days at 37°C, cells were col-
lected for WB analysis.

Mouse lung tumorigenesis study
To understand the significance of Draxin in a mouse

lung tumorigenesis model, we treated wild-type and
Draxin gene-deficient mice with 4-(methylnitrosamine)-1-
(3-pyridyl)-1-butanone (NNK) (Toronto Research Chemi-
cals, Toronot, Canada). Male and female heterozygous
Draxin gene-deficient mice were mated, and wild-type and
homozygous Draxin gene-deficient mice were obtained.
Animals were maintained with free access to water and
food on a 12 hr light/dark cycle under pathogen-free condi-

Table 1. Antibodies used for WB and IHC analyses 

Primary antibody Manufacturer (location) WB IHC (ICC)

Draxin (C-term) Acris (Germany) 1:2000 1:300
Draxin (AF6148) R&D (USA) 1:1000
Netrin-1 (NTN1) LSBio (USA) 1:1000
Netrin-1 Bioss (USA) 1:500
Neogenin (NEO1) Abnova (Taiwan) 1:1000 1:250
DCC Acris 1:500
DCC Millipore (USA) 1:500
Akt Cell Signaling Technology (USA) 1:5000
Phosphorylated-Akt (Ser473) Cell Signaling Technology 1:1000
Caspase-3 (9662) Cell Signaling Technology 1:5000
Cleaved Caspase-3 (9661) Cell Signaling Technology 1:500
Caspase-8 (9746) Cell Signaling Technology 1:1000
Caspase-9 (9508) Cell Signaling Technology 1:1000
Bcl-2 (50E3) Cell Signaling Technology 1:1000
Phosphorylated-Bcl-2 (5H2) Cell Signaling Technology 1:5000
CyclinD1 (SP4) NeoMarkers (USA) 1:1000
Phosphorylated-Histone H3 (Ser10) Millipore 1:500
β-actin (A-5441) Sigma Aldrich (USA) 1:20,000
Ki-67 Dako (USA) (1:50)

ICC, immunocytochemistry; IHC, immunohistochemistry; WB, western blot.
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tions. Genotyping of the mice was performed according
to our previous study [18]. Ten male wild-type and
homozygous Draxin gene-deficient mice at 10 weeks old
were treated with an intra-peritoneal injection of NNK (100
mg/kg body weight) once-a-week for 2 weeks, and sacri-
ficed 40 weeks after the first injection. The lung tissues
were injected via the trachea with 4% paraformaldehyde in
phosphate buffer solution (pH 7.3). Lung tissue slices in-
cluding tumors were fixed in fixative for one week, washed,
and embedded in paraffin. Paraffin sections were stained
with hematoxylin and eosin, and tumors were histologically
evaluated according to the criteria of Foley to discriminate
adenomas and adenocarcinomas [14]. This study was
approved by the Animal Care Committee of Kumamoto
University (#27-147).

III. Results
Draxin and receptors in lung cancer (SCLC, ADC, SCC)
tissue sections

First, expression of Draxin, Netrin-1, and their recep-
tors (Neogenin, DCC) was examined in normal tissue (Fig.
1) and lung cancer sections (Fig. 2) by immunohistochem-
istry. These samples include 11 SCLC cases, 36 ADC
cases, 23 SCC cases, and normal lung tissue (Table 2). In
normal lung tissue, weak expression of Draxin was
observed. In contrast, Netrin-1 was expressed moderately
in normal lung tissue. DCC and Neogenin were weakly or
poorly expressed. In lung cancer tissues, Draxin was
strongly expressed in SCLC, ADC, and SCC. The expres-
sion of Draxin in SCLC was weaker than that in ADC and

Immunohistochemical analysis of the expression of Draxin, Netrin-1, and their receptors, DCC and Neogenin, in normal lung tissue. The surface
of alveolar and bronchiolar epithelial cells was positively stained fot Netrin-1. Draxin and dependence receptors were weakly or poorly stained in alveo-
lar and bronchiolar epithelial cells. Bar = 20 μm.

Fig. 1. 
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SCC. Netrin-1 was poorly expressed in SCLC and ADC.
The expression of Netrin-1 was observed in SCC. In
addition, Neogenin was strongly expressed in SCC. The
expression of DCC was weakly observed in SCLC and
SCC.

Draxin and receptors were expressed in some lung cancer
cell lines

The expression of Draxin, Netrin-1, and their recep-
tors in lung cancer cell lines was examined by WB analysis
(Fig. 3). WB analysis was performed in SCLC (H69, H889,

Immunohistochemical analysis of the expression of Draxin, Netrin-1, and their receptors, DCC and Neogenin, in lung cancer tissue. Draxin was
positively stained in all types of lung cancer, especially in ADC and SCC. Draxin was clearly expressed in lung cancer compared with that of Netrin-1
and receptors. Bar = 20 μm.

Fig. 2. 

Table 2. Immunohistochemical analysis in lung cancer tissue 

n Draxin Netrin-1 DCC Neogenin

SCLC 11 5 (45.4%) 5 (45.4%) 0 (0%) 7 (63.6%)
ADC 36 32 (88.9%) 11 (30.6%) 9 (25.0%) 24 (66.7%)
SCC 23 21 (91.3%) 20 (87.0%) 15 (65.2%) 20 (87.0%)
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SBC1, H69AR, H1688, SBC3, and SBC5), ADC (A549,
H358, and H1975), and SCC (H226, H2170, and H15).
Draxin was detected and evenly expressed in all types of
lung cancer cell lines, especially in H69AR, H358, H226,
H2170, and H15. Netrin-1 was also detected in lung cancer
cells. For Neogenin, expression was detected in SCLC
more than in ADC, and poorly detected in SCC. DCC was
only modestly or slightly expressed in all types of lung
cancer cells. Collectively, these results indicate that axon
guidance molecules exist in lung cancer regardless of tissue
type, but the presence of DCC and Neogenin in lung cancer
cells depends on histological type.

The suppression of Draxin in H358 induced a decrease in
apoptosis-related proteins and increased phosphorylated-
histone H3 (ser10).

WB analysis of H358, an adenocarcinoma cell line,
was performed after Draxin knockdown to investigate the
role of Draxin in apoptosis and proliferation. We used an
antibody against phosphorylated-histone H3 (ser10) as a
mitotic marker, antibodies against Caspase3, cleaved cas-
pase3 (cCASP3), Caspase8, Caspase9, B-cell lymphoma 2
(Bcl-2) as apoptosis-related markers, and antibodies against
AKT and phosphorylated-AKT as markers of cell signaling
activity. Results are shown in Fig. 4. All markers had a sim-
ilar expression pattern between control siRNA and non-
treated cells in H358 cells. Suppression of Draxin reduced
Caspase3, Caspase8, and Caspase9 expression and elevated
phosphorylated-histone H3. The average Ki-67 index in
H358 cells with reduced Draxin expression was 63.6%, and
was elevated around 20% compared with that of H358
siRNA-control cells.

The role of Draxin 22aa in H358 cells.
WB analysis of H358 cells cultured with Draxin 22aa

peptide was performed to reveal the relationship between
the peptide, Netrin-1, proliferation, and apoptosis. Expres-
sion of phosphorylated-histone H3 increased in H358 cells
treated with increasing amounts of Draxin 22aa peptide.
Other protein expression was not significantly altered in
H358-treated cells (Fig. 5).

Mouse lung tumorigenesis study
Lung tumors including adenoma and adenocarcinoma

were observed in Draxin gene-deficient and wild-type mice
(Fig. 6). Incidence of the lung tumors and the ratio of
adenocarcinoma to adenoma were similar in both types of
mice (Table 3).

IV. Discussion
Draxin inhibits axonal outgrowth and is involved in

the formation of forebrain commissures [18], which is
mediated by Draxin receptors [1]. Binding of guidance pro-
teins to receptors, such as DCC, affects cell survival, and
the relationship between guidance proteins and cancer cell
survival is a potential target for cancer therapies [26, 28,
29]. The role of Netrin-1 in cancer has been investigated,
but the role of Draxin, which shares receptors with Netrin,
in cancer has never been studied. In the present study, we
demonstrated that Draxin is expressed in lung cancer cell
lines and tissues by IHC and WB analyses. IHC revealed
that Draxin is expressed in lung cancer cells more than in
normal lung epithelial cells. This observation suggests that
Draxin may be an important factor to regulate receptor
signaling in lung cancer cells. In addition, WB analysis

Western blot analysis of Draxin, Netrin-1, and their receptors, DCC and Neogenin, in lung cancer cell lines. Western blot analysis was performed
using 13 human lung cancer cell lines including seven SCLC, three ADC, and three SCC cell lines. β-actin served as an internal control.

Fig. 3. 
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showed that Draxin is expressed in all cell lines, including
SCLC, ADC, and SCC, and the expression pattern of
Draxin resembles that of Netrin-1. Contrary to the histolog-
ical type-independent expression of ligands, the expression
of individual receptors is varied—DCC is expressed more
in non-SCLC cell lines, and Neogenin is expressed more in
SCLC cell lines. The difference in receptor expression pat-
terns in different histological cell types may be important to
understand the biological properties of lung cancer cells
from the view point of cancer cell regulation through guid-
ance molecule-receptor interactions. Expression of Draxin,
Netrin-1, DCC and Neogenin is not always similar between
the lung cancer cell lines with WB analysis and the
formalin-fixed and paraffin-embedded lung cancer tissues
with IHC analysis. We suspect that the difference in results
could be attributed to the difference in sample preparing
methods and in environments of cancer cell; culture

medium in the cancer cell lines and extracellular matrix in
the cancer tissues.

Draxin can be a link to receptors, such as DCC,
Neogenin, UNK5 and DSCAM [1], and can connect to
Netrin-1 through 22aa. This means that Draxin can be
related to tumorigenesis, metastasis, and invasion similarly
to Netrin-1. Netrin-1 is associated with tumor progression
by inducing apoptosis in metastatic breast cancer and meta-
static colorectal cancer [12, 24]. Netrin-1/DCC interaction
mediates tumor progression by inducing apoptosis in dif-
fuse large B-cell lymphoma (DLBCL) and mantle cell lym-
phoma (MCL). In addition, Netrin-1 antibody inhibits the
interaction of Netrin-1 and DCC in vitro and vivo, and
Netrin-1 acts as a survival factor for activated B cells in
DLBCL and MCL tumor cells [5]. Furthermore, Netrin-1/
Neogenin interaction promotes medulloblastoma cell inva-
sion, angiogenesis, and gastric cancer cell proliferation and

Evaluation of the relationship between Draxin and tumorigenesis. (A) Western blot analysis of Draxin knockdown in human lung adenocarcinoma
cells (H358). Three biological replicates were analyzed. Representative examples of no treatment (NT), transfected control siRNA (Si-cont.), and
Draxin siRNA (Si-Draxin) are shown. Expression of phosphorylated-histone H3 (ser10) and CyclinD1 as mitotic markers, antibodies against Caspase3
(CASP3), Cleaved Caspase3 (cCASP3), Caspase8 (CASP8), Caspase9 (CASP9), B-cell lymphoma 2 (Bcl-2), and phosphorylated-Bcl-2 (pBcl-2) as
apoptosis-related markers, and antibodies against AKT and phosphorylated-AKT (pAKT) as markers of cell signaling activity. Draxin knockdown was
successfully performed in Si- Draxin cells. All markers showed similar expression patterns between NT and Si-cont. Draxin siRNA induced the sup-
pression of CASP3, CASP8 and CASP9. In addition, Draxin siRNA elevated of pHH3 levels. β-actin served as an internal control. (B) Ki-67 (MIB-1)
index analysis of Draxin knockdown in human lung adenocarcinoma cell (H358). Upper panel, transfected control siRNA (control) where a moderate
number of adenocarcinoma cells were positive for Ki-67. Lower panel, Draxin siRNA (Si-Draxin) where most adenocarcinoma cells were positive for
Ki-67. Bar = 100 μm. (C) The average Ki-67 index in transfected control siRNA cells was 41.9%. The average Ki-67 index in Draxin siRNA cells was
63.6%. * p < 0.01.

Fig. 4. 
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Western blot analysis of adenocarcinoma cells (H358) treated
with Draxin 22-amino-acid peptide. Four biological replicates were
analyzed. Representatives of no treatment (NT), and treatment treated
with Draxin 22-amino acid peptide in an amount of 1 μmol, 10 μmol
and 100 μmol are shown. Reactivity of antibody markers are consistent
with western blot analysis of Draxin knockdown in H358.

Fig. 5. 

invasion [2, 35]. To demonstrate the biological significance
of Draxin, knockdown of Draxin mRNA by siRNA was
performed in H358 adenocarcinoma. Delloye-Bourgeois
did Netrin-1 SiRNA experiment using the same adenocarci-
noma cell line, and reported that suppression of Netrin-1
enhanced tumor cell apoptosis in the cell [8]. On the
contrary, suppression of Draxin expression decreased
apoptosis-regulating cysteine proteases, such as Caspase3,
Caspase8, and Caspase9, and increased phosphorylated his-
tone H3 (ser10), a mitosis marker. In addition, we demon-
strated that the Ki-67 labeling index is upregulated in H358
cells after reduction of Draxin. These data suggest that
Draxin can modulate cell survival and proliferation of lung
cancer cells.

Another characteristic of Draxin is the ability to bind
directly to Netrin-1 in the absence of guidance molecule
receptors. The 22aa of Draxin binds to the third EGF
domain of Netrin-1, and Draxin can modulate Netrin-1/
receptor signaling [15]. To clarify the effects of Draxin
22aa on lung cancer cells, we synthesized Draxin 22aa and
added the peptide to an adenocarcinoma cell line H358.
Although we hypothesized that the peptide might induce
apoptosis by inhibiting Netrin-1, expression of Caspase3,
Caspase8, and Caspase9 was not altered in H358 cells
treated with peptide. However, in lung cancer cells, 22aa
peptide increased expression of phosphorylated histone H3,
similar to that observed in Draxin-knockdown H358 cells.
This suggests that guidance molecules and their receptors
are present in lung cancer cells because Draxin shares
guidance molecule receptors with Netrin-1 [1] and inter-
acts directly with Netrin-1 [15]. However, the detailed
mechanism of cancer cell modification by Draxin needs
further study.

Table 3. NNK-induced lung tumors in Draxin-deficient mice 

Gene status No. of mice No. of tumor-bearing mice Total tumor number Total adenoma number Total adenocarcinoma number

Wild-type 10 6 8 5 3
Draxin null 10 6 7 5 2

NNK-induced lung tumors in wild and Draxin gene-deficient mice. (A) Adenoma in a wild mouse. (B) Adenocarcinoma in a wild mouse is well
to moderately-differentiated papillary type. Tumor size was about 2 mm. (C) Adenoma in a Draxin gene-deficient mouse. (D) Adenocarcinoma in a
Draxin gene-deficient mouse is well to moderately-differentiated papillary type. Tumor size was about 2 mm. Bar = 20 μm.

Fig. 6. 

60 Sato et al.



To understand the relationship of Draxin and tumori-
genesis in vivo, we treated wild-type and Draxin gene-
deficient mice with NNK. However, the tumor size and the
total number of lung tumors, including the number of lung
adenoma and adenocarcinoma, was not significantly differ-
ent between wild-type and Draxin gene-deficient mice. In
case of adenocarcinoma, differentiation grade was well to
moderately in both mice. Draxin deficiency alone was
not sufficient to modify NNK-induced tumorigenesis. In
Draxin gene-deficient mice, no lung morphological abnor-
malities were manifested (data not shown), which suggests
that Draxin-mediated tumorigenesis requires additional
factors.

V. Conclusions
Draxin is expressed in lung cancer cells, and Draxin

knockdown in an adenocarcinoma cell line suggests that
Draxin might be involved in cell proliferation and apoptosis
of lung adenocarcinoma cells. However, our mouse tumori-
genesis study suggests that Draxin requires additional fac-
tors for tumorigenesis in vivo. Further studies are needed to
investigate the significance of Draxin in lung cancer and
the role of Draxin-receptor and Draxin-Netrin-1 interac-
tions in tumorigenesis.
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