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Chronic inflammation and cancer are intimately associated. This is
particularly true for inflammatory bowel diseases (IBD), such as
ulcerative colitis and Crohn’s disease, which show a major in-
creased risk for colorectal cancer. While the understanding of the
molecular pathogenesis of IBD has recently improved, the mech-
anisms that link these chronic inflammatory states to colorectal
cancer development are in large part unknown. One of these
mechanisms is NF-�B pathway activation which in turn may con-
tribute to tumor formation by providing anti-apoptotic survival
signals to the epithelial cells. Based on the observation that
netrin-1, the anti-apoptotic ligand for the dependence receptors
DCC and UNC5H is up-regulated in colonic crypts in response to
NF-�B, we show here that colorectal cancers from inflammatory
bowel diseases patients have selected up-regulation of netrin-1.
Moreover, we demonstrate that this inflammation-driven netrin-1
up-regulation is causal for colorectal cancer development as inter-
ference with netrin-1 autocrine loop in a mouse model for ulcer-
ative colitis-associated colorectal cancer, while showing no effect
on inflammation, inhibits colorectal cancer progression.

Inflammatory bowel diseases (IBD), such as ulcerative colitis
and Crohn’s disease, show a major increased risk for colorectal

cancer, but the mechanisms that link these chronic inflammatory
states to colorectal cancer development are in large part un-
known. The main non-immune link known so far is the activation
of NF-�B (1). It was indeed proposed that NF-�B pathway
activation observed during IBD may contribute to tumor for-
mation by providing anti-apoptotic survival signals to the epi-
thelial cells (1). Of interest, netrin-1, a soluble protein initially
discovered as an axon navigation cue (2), was also proposed to
play a crucial role during colorectal tumorigenesis by regulating
apoptosis (3). Indeed, netrin-1 receptors DCC and UNC5H—
that is, UNC5H1, UNC5H2, UNC5H3, and UNC5H4, also
called UNC5A, UNC5B, UNC5C, or UNC5D—belong to the
so-called dependence receptor family (4–6). These dependence
receptors, because of their ability to induce cell death when
disengaged from their ligands, create cellular states of depen-
dence on their respective ligands (7) and, consequently, may
behave as tumor suppressors because they eliminate tumor cells
that would develop in settings of ligand unavailability (3, 8).

Along this line, both overexpression of netrin-1 or inactivation
of UNC5H3 in mice in the gastro-intestinal tract are associated
with intestinal tumor progression (3, 9). Even though according
to the dependence receptor hypothesis, a loss of netrin-1 recep-
tors should represent a similar selective advantage for tumor
growth than gaining autocrine expression of netrin-1, in sporadic
colorectal cancer the vast majority of tumors display a loss of
DCC or/and UNC5H (9–12). In these tumors with decreased
receptors expression, netrin-1 is not up-regulated and is barely
detectable within the tumors [(Fig. 1A) and (13)]. Interestingly,

the fraction of colorectal cancer showing netrin-1 up-
regulation—rather than netrin-1 receptors losses—frequently
display high expression of markers of NF-�B activation such
Cox-2 and I�B� (13). Together with the observation that netrin-1
gene is a transcriptional target for NF-�B (13) and with the view
of IBD-associated colorectal cancer being linked to NF-�B and
survival (1), we investigated whether netrin-1 may be involved in
progression of IBD-associated colorectal cancer.

Results and Discussion
First, we analyzed by immunohistochemistry netrin-1 expression
in the colonic mucosa of 30 patients with IBD (15 with ulcerative
colitis, 15 with Crohn’s disease). In all cases, a strong expression
of netrin-1 was detected in epithelial cells, especially in areas of
inflammation (Fig. 1B and not shown); the apparent expression
levels were markedly higher than in the normal colonic mucosa
(Fig. 1 A and B). We then compared the expression of netrin-1
in a panel of colorectal adenocarcinomas from 30 patients with
IBD (24 with ulcerative colitis, six with Crohn’s disease), and in
a sample of 52 sporadic colorectal adenocarcinomas. While only
seven out of 52 (13.5%) sporadic colorectal adenocarcinomas
displayed high netrin-1 levels as compared to the internal
controls, 21 out of the 30 tumors (70%) from IBD patients were
shown to express high netrin-1 levels as compared to the same
controls (Fig. 1 A–C and data not shown) (�2 test, P � 0.001). A
similar netrin-1 up-regulation in tumors from IBD patients was
also observed at the mRNA level. Indeed, RNA from seven pairs
tumor/normal tissue were extracted and netrin-1 level was
analyzed by Q-RT-PCR analysis. Four out of the seven pairs
tested showed at least a 3.3-fold increase of netrin-1 in the tumor,
with an increase range from 3.3- to 18.4-fold.

In IBD patients, comparable levels of netrin-1 expression were
observed in both lieberkuhnian and colloid adenocarcinomas,
irrespective of their clinical stage (Fig. 1 Bv and Bvi). We finally
tested the expression of netrin-1 in the spectrum of dysplastic
lesions of the colon observed in surgical specimens from 25
patients with IBD (21 with ulcerative colitis, four with Crohn’s
disease). In flat dysplasia, netrin-1 was constantly detected; the
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apparent expression level was higher in high-grade lesions (n �
6) than in low grade lesions (n � 15). Netrin-1 was constantly
detected in DALM (Dysplasia Associated Lesion or Mass) (n �
9), all of high grade but one (Fig. 1 Biv). In contrast, netrin-1 was

usually faintly expressed in the four cases of adenoma-like mass
available for the study. Interestingly, while DCC has been
described to be down-regulated in sporadic cancer in association
with the chromosome 18q LOH (14), 28 out of the 30 tumors
from IBD patients show a DCC expression that albeit detected
at low level was not decreased in tumoral tissues compared to
adjacent normal mucosa (data not shown). Thus, strong netrin-1
expression appears to be a characteristic feature of the whole
spectrum of neoplastic lesions observed in IBD patients.

We then moved to an animal model for IBD-associated
colorectal cancer. Adult mice were submitted to the DNA
alkylation agent azoxymethane (AOM) and the pro-inflamma-
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Fig. 2. Netrin-1 expression in a mouse model for inflammation-mediated
colorectal tumor progression. (A) Representative colonic lesions in mice submit-
ted to the DSS/AOM treatment. The flat mucosa (i) displays signs of chronic
inflammation, with distorted crypts scattered within a lamina propria (*) con-
taining numerous lymphocytes and plasma cells. Neoplastic lesions are illustrated
by an example of high grade adenoma (ii), formed by numerous irregular tubular
structures lined by markedly atypical cells, and by an example of focally invasive
adenocarcinoma (iii), characterized by straight tumoral glands separated by an
abundant stroma; note the presence of a neoplastic gland within the muscularis
propria (arrow). These tumors fulfilled the diagnostic criteria for low grade and
high grade adenomas and for adenocarcinomas (24); some adenocarcinomas
showed signs of local invasion, such as the infiltration of the muscularis propria
by neoplastic glands. (B) Immunodetection of netrin-1 in the non neoplastic
inflamed mucosa (i), in neoplastic epithelial cells of a high grade adenoma (ii) and
in neoplastic glands infiltrating the muscularis propria within an invasive adeno-
carcinoma (iii). Indirect immunoperoxidase technique. Original magnifications: i,
�480; ii, �380; iii, �300. (C) Relative expression of netrin-1 mRNA in the colon of
DSS/AOM-treated mice. Results from Q-RT-PCR are shown.

A

B

N

T

T

N

*

*

m

*

*
i ii

iii iv

v vi

i ii

Apparent expression 
level of netrin-1 

(% of internal controls)
0-10 10-50 50-100 >100

Total number 
of cases

IBD cancers

Sporadic cancers

1 1 7 21 30

20 18 7 7 52

C

Fig. 1. Netrin-1 expression in neoplastic lesions from IBD and control patients.
(A) Expression of netrin-1 in the normal colonic mucosa (i) and in a sporadic colon
adenocarcinoma (ii). In the normal colonic mucosa (i), a faint labeling is visible in
epithelial cells lining the crypts (arrows); there is a decreasing gradient of expres-
sion from the bottom of the crypts to the epithelium surface. In an example of
well differentiated adenocarcinoma (ii), only a few cells are positive within the
tumor (T), whereas the adjacent peritumoral mucosa (N) retains a readily visible
staining. (B) Expression of netrin-1 in representative samples from inflamed
mucosa (i) and neoplastic lesions (ii–vi) from IBD patients. In the inflamed mucosa
(i), a strong netrin-1 labeling is visible, from the bottom of the crypts (arrows) to
the surface; the gradient of expression visible in the normal colonic mucosa is
partly preserved (m, muscularis mucosae). Netrin-1 labeling is well visible in
epithelial cells at high magnification views of flat low grade dysplasia (ii) and flat
high grade dysplasia (iii). Again, netrin-1 is strongly detected in an example of
DALM (iv) with high grade dysplasia; the expression levels are comparable in the
neoplastic area (T) and the adjacent peritumoral mucosa (N). Finally, netrin-1 is
readily detected in two examples of colon adenocarcinoma: a typical lieberkuh-
nian adenocarcinoma (v) and a colloid mucous carcinoma (vi), characterized by
the presence of massive mucous secretion (*). Indirect immunoperoxidase tech-
nique; original magnifications: (A) i, �400; ii, �180; (B) i, �220; ii, �400; iii, �350;
iv, �250; v, �120; vi, �100. (C) Semiquantitative analysis of netrin-1 expression in
colorectal cancer. Quantification of the apparent netrin-1 expression level was
evaluated as described in the methods section via a comparison to an internal
control. In IBD patients, netrin-1 apparent expression levels were comparable or
higher to the internal control, while in sporadic cancer patients netrin-1 levels
were much lower than the internal control.
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tory reagent dextran sodium sulfate (DSS), leading to the
development of inflammation driven colorectal tumors (15).
After 10 weeks of treatment, signs of diffuse inflammation were
present in the colonic mucosa; epithelial crypts were distorted
and irregularly distributed in the lamina propria, which con-
tained high numbers of inflammatory cells, including lympho-
cytes and plasma cells (Fig. 2 Ai). Netrin-1 was strongly ex-
pressed in epithelial cells of inflamed mucosa (Fig. 2 Bi).

Neoplastic lesions progressively developed in the inflamed mu-
cosa (Fig. 2 Aii and Aiii). All neoplastic lesions, including
adenomas and adenocarcinomas, showed evidence of netrin-1
expression at immunohistochemical examination (Fig. 2 Bii and
Biii). This up-regulation of netrin-1 was not only detected at the
protein level but was also observed at the RNA level by
Q-RT-PCR analysis (Fig. 2C). Of interest, in agreement with the
dependence receptor notion which predicts that a tumor selects
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Fig. 3. DCC-4Fbn triggers apoptosis via interference with netrin-1-mediated inhibition of netrin-1 receptors death signaling. (A) Schematic representation of
netrin-1 and one of its receptor DCC. Netrin-1 binds the extracellular domain of DCC (DCC-EC) via interaction with fibronectin type III domains (1–6). The fourth
domain (DCC-4Fbn) used to induce cell death is indicated. (B) DCC-4Fbn direct binding to netrin-1. Increasing concentrations of flag-tagged netrin-1 were
incubated with 5 �g/mL DCC-4Fbn and bound netrin-1 was detected by immuno-labeling. DCC-4Fbn is able to bind netrin-1 with a Kd of 5.5 � 2.0 nM. Note that
DCC-4Fbn is able to weakly bind netrin-4, another member of the netrin family, with a consistent low Kd (35.1 � 2.2 nM). The values represent the mean �
standard deviation of three independent experiments. (C) Caspase-3 activity measured in UNC5H2-transfected HEK293T cells, incubated with conditioned
medium from NF-�B activated (IKK�) or control HBL100 cells, in presence or not of DCC-4Fbn (1 �g/mL). Medium from IKK�-transfected cells was able to block
caspase-3 activation induced by UNC5H2. This effect is due to the presence of netrin-1 produced and secreted by HBL100 cells in response to NF-�B activation
(13). DCC-4Fbn, added to conditioned medium, was able to restore caspase-3 activation in UNC5H2-transfected HEK293T cells incubated with IKK� medium by
binding to, and inactivating secreted netrin-1. (D) Caspase-3 activity of HCT116 cells treated with DCC-4Fbn. HCT116 cells that express endogenous netrin-1 were
treated or not with DCC-4Fbn (1 �g/mL) in the presence or absence of an excess of netrin-1 or netrin-4. (E) Activation of DCC apoptotic pathway by DCC-4Fbn.
HEK293T cells were co-transfected with HA-caspase-9 and myc-DCC constructs and treated with netrin-1 and/or DCC-4Fbn. Interaction of DCC and caspase-9 was
assessed by pull-down using �-HA antibody and by revealing DCC using �-myc antibody. In presence of netrin-1, DCC binding to caspase-9 was decreased, while
the addition of DCC-4Fbn (1 ng/mL) restored the interaction. Moreover, a high dose of netrin-1 (excess) was able to inhibit DCC-4Fbn action. Fig. S2 show
expression level of netrin-1, netrin-3, and netrin-4 in a series of cancer cell lines.
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either a gain of netrin-1 or a loss of netrin-1 receptors (16, 17),
in AOM/DSS-associated tumors, the analysis of the netrin-1
receptors expression by Q-RT-PCR shows that UNC5H1,
UNC5H2, UNC5H3, UNC5H4, or DCC were not down-
regulated—that is, while UNC5H1 and UNC5H2 level was not
significantly changed, UNC5H3, UNC5H4, and DCC were
actually up-regulated- (Fig. S1).

To show whether this high netrin-1 level is causal to the cancer
pathology, we analyzed whether titration of netrin-1 in mice
treated with DSS/AOM could be associated with prevention of
tumor progression. We used for this study DCC-4Fbn as a
netrin-1 interfering agent. DCC-4Fbn is the 4th fibronectin
domain of DCC ectodomain (Fig. 3A) and has been shown to
interact with netrin-1 (18). To confirm the DCC-4Fbn/netrin-1
interaction, an ELISA was performed coating DCC-4Fbn and
revealing a possible interaction with increased concentrations of
either netrin-1 or netrin-4. As shown in Fig. 3B, the dissociation
constant of netrin-1 was estimated to 5.5 nM, a Kd that is 6.4
lower than the Kd detected for DCC-4Fbn/netrin-4. Thus, DCC-
4Fbn specifically interacts with netrin-1. This recombinant com-
pound, even though it fails to prevent the interaction of netrin-1
with its receptors (data not shown), inhibits the ability of netrin-1
to block netrin-1 receptors death signaling in vitro. This was
shown by the following experiments. First, in agreement with
recent published observations (13), forced expression of
UNC5H2 in HEK293T cells is associated with apoptosis unless

a conditioned medium from NF-�B activated cells is added. In
these settings, addition of DCC-4Fbn reversed the anti-apoptotic
effect provided by the conditioned medium (Fig. 3C). Second
the HCT116 colorectal cancer cells express endogenous netrin-1
that has been shown to constitutively block UNC5H-induced
apoptosis (19). As shown in Fig. 3D, the treatment with DCC-
4Fbn of HCT116 cells triggers apoptosis unless an excess of
netrin-1 is added to the culture medium. To further support the
specificity of DCC-4Fbn in titrating netrin-1, netrin-4 was added
in excess instead of netrin-1. As shown in Fig. 3D, netrin-4 was
not able to inhibit DCC-4Fbn-induced apoptosis. Third, netrin-1
has been shown to inhibit DCC-mediated apoptosis by prevent-
ing DCC interaction with the apical caspase-9 (20, 21). To
investigate whether DCC-4Fbn could block the inhibitory activ-
ity of netrin-1 on netrin-1 receptors death signaling, HEK293T
cells were then co-transfected with DCC and caspase-9 and
immunoprecipitations were performed in the presence or ab-
sence of netrin-1 and/or DCC-4Fbn. As shown in Fig. 3E, while
caspase-9 interacts with DCC unless netrin-1 is added, the
addition of DCC-4Fbn allows DCC/caspase-9 interaction even
when netrin-1 is present. Altogether these data support the view
that DCC-4Fbn acts as a netrin-1 titrating agent that triggers
tumor cell death apoptosis by activation of netrin-1 receptors
apoptotic pathway.

We thus analyzed whether titration of netrin-1 with DCC-
4Fbn in mice treated with DSS/AOM could be associated with
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Fig. 4. Interference with netrin-1 does not affect chronic inflammation in a mouse model of IBD-associated colorectal cancer. (A) Representative colonic lesions in
mice submitted to DSS/AOM treatment for 10 weeks and administered intra-peritoneally three times per week with DCC-4Fbn. The flat mucosa (Left) displays signs of
chronic inflammation, as in control animals (Left). Neoplastic lesions are illustrated by an example of low grade adenoma (Right), formed by numerous regular tubular
structures lined by slightly atypical cells. (B) I�B� and Cox-2 expression in DSS/AOM treated mice administered with DCC-4Fbn. I�B� and Cox-2 expression was measured
by Q-RT-PCR.
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prevention of tumor progression. A series of mice were then
submitted to the DSS/AOM treatment for 10 weeks while
administered intra-peritoneally three times per week with DCC-
4Fbn. DCC-4Fbn repeated injection in DSS/AOM mice had only
a modest effect on the number of early neoplastic lesions (61
versus 95) suggesting that netrin-1 inhibition has only a moder-
ate, if any, effect on colorectal tumor initiation. Moreover, the
inflammatory aspect of the epithelium appears similar in control
versus DCC-4Fbn-treated mice (Fig. 4A). Along this line, DCC-
4Fbn fails to have any significant effect on the level of NF-�B
activation as monitored by the measurement of I�B� and Cox-2
mRNA levels (Fig. 4B).

Contrarily, DCC-4Fbn had a dramatic effect on tumor pro-
gression as repeated injection of DCC-4Fbn triggers an in-
creased frequency of low grade adenoma associated with a
decreased frequency of high-grade adenoma and adenocarci-
noma (Fig. 5, �2 test, P � 0.005). Thus netrin-1 up-regulation in
response to inflammation induced by DSS is a causal mechanism
for colorectal cancer progression.

Together with the observation that colorectal cancer from
patients with IBD shows up-regulation of netrin-1, with the fact
that NF-�B has been proposed to contribute to IBD associated-

colorectal cancer formation by providing anti-apoptotic survival
signals to the epithelial cells and with the observation that forced
expression of netrin-1 in gastrointestinal tract is associated with
intestinal tumor progression in mice (3), we propose the follow-
ing sequence for colorectal tumor progression in IBD patients.
In response to chronic inflammation associated with IBD,
NF-�B activation triggers netrin-1 up-regulation not only in the
normal but also in the altered epithelium, and this netrin-1
up-regulation, probably in association with other tumor initia-
tion mechanisms, provides the sufficient survival signal to the
epithelial cells for tumor progression. Because drug compounds
targeting netrin-1 are currently under development, it may then
be tempting to investigate the relevance of complementing the
actual treatments of IBD, that, until now, have focused mainly
on preventing inflammation in general, with such anti-netrin-1
drugs that would more specifically inhibit progression of early
neoplastic lesions toward aggressive colorectal cancer. This is
particularly important in light of the difficulty detecting and
treating IBD-associated lesions by conventional techniques at an
early stage and because of the current absence of preventive
treatment, apart from coloproctectomy in ulcerative colitis
which is often associated with negative side effects and poor life
quality.

Materials and Methods
Netrin-1 Immunodetection in Human Tissues. For immunodetection of netrin-1
in human tissues, archival, formalin-fixed, paraffin-embedded tissue material
was used. The material selected for study included: samples from 52 cases of
sporadic colorectal adenocarcinomas (with their corresponding peritumoral
mucosa), 30 cases of colorectal adenocarcinomas from patients with IBD (24
with ulcerative colitis, six with Crohn’s disease), and 30 samples of inflamed
mucosa from patients with IBD (15 with ulcerative colitis, 15 with Crohn’s
disease). All lesions were classified according to the recommendations of the
Vienna classification (22). After deparaffinization and dehydration, 4-�m
thick tissue sections were boiled in citrate buffer pH9 using a water bath at
97 °C for 50 min. For blocking endogenous peroxidases, tissue sections were
incubated in 5% hydrogen peroxide in sterile water. They were then incu-
bated at room temperature for one hour with a polyclonal goat antibody to
netrin-1 (R&D Systems). This antibody was diluted in antibody diluent solution
(ChemMate, Dako) at 1/800. After rinsing in phosphate buffer saline, sections
were incubated with a biotinylated secondary antibody bound to a strepta-
vidin peroxidase conjugate (Lsab� Kit, Dako). Peroxidase activity was revealed
using DAB as a chromogen.

Semiquantitative Analysis of Netrin-1 Expression in Colorectal Cancers. A
densitometric evaluation of netrin-1 expression in tumoral and peritumoral
tissues was performed as previously described (23). Five fields were digitized
and converted onto a gray scale. The apparent expression level of netrin-1 in
ganglion cells of submucosal and myenteric plexuses was used as an internal
control and the corresponding gray level was normalized to 100%. The
apparent expression netrin-1 level in adjacent neoplastic and non neoplastic
epithelial cells was expressed as a percentage of the control value in the same
section.

Animal Model: Histological and Immunohistochemical Analysis. To induce colo-
rectal carcinogenesis associated with chronic colitis, mice were treated as
described previously (15). Briefly, pathogen-free 8-week-old female wild-type
Balb/C mice were injected i.p. with 10 mg/kg body weight of AOM dissolved
in PBS. The day after, 2.5% DSS was given in the drinking water over 1 week,
followed by 2 weeks of regular water. Mice were treated with DSS for 1 week
every 2 weeks until the 10th week of the experiment and were injected three
times per week with 30 �g purified DCC-4Fbn or with PBS. The animals were
killed at the beginning of the tenth week and the colon was removed for
histological analysis or total RNA extraction. The intestine was preserved,
open and fixed in buffered formalin. After macroscopical examination under
a magnifying lens, all visible lesions were taken; in addition, random tissue
samples were performed at regular intervals to detect non-macroscopically
visible lesions. Four-micometer thick sections were prepared from formalin-
fixed, paraffin-embedded tissue samples and stained with hematoxylin-eosin-
saffron. All lesions were identified and classified according to international
recommendations (24). The histological comparison between treated and
non-treated animals was performed blindly. Immunodetection of netrin-1
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Fig. 5. Interference with netrin-1 prevents tumor progression in a mouse
model of IBD-associated colorectal cancer. (A) Number of neoplastic lesions
(low grade adenomas, high grade adenomas or intra-mucosic and invasive
adenocarcinomas) in each of the 14 mice treated with AOM and DSS, in
presence or not of DCC-4Fbn. Note that five out of seven DCC-4Fbn treated
mice were adenocarcinoma free animals while seven out of seven show
adenocarcinoma in the control treated mice. (B) Representative images of
colons removed from mice treated with AOM and DSS in presence (Right) or
not (Left) of DCC-4Fbn.
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was performed from the same tissue material, after selection of representa-
tive samples. The technique was the same as described above.

Quantitative RT-PCR. Total RNA was extracted using NucleoSpin RNA II Kit
(Macherey Nagel) according to manufacturer’s protocol. RT-PCR reactions
were performed with iScript cDNA Synthesis Kit (Bio-Rad). One microgram
total RNA was reverse-transcribed using the following program: 25 °C for
5 min, 42 °C for 30 min, and 85 °C for 5 min. For expression studies, the
target transcripts were amplified in LightCycler 2.0 apparatus (Roche
Applied Science), using the LightCycler FastStart DNA Master SYBR Green
I Kit (Roche Applied Science). Expression of target genes in AOM/DSS-
treated mice was normalized to acidic ribosomal phosphoprotein PO
(RPLPO), used as housekeeping gene. Expression of Netrin-1, -3, and -4
genes in human tumoral cell lines was normalized to hypoxanthine-
guanine phosphoribosyltransferase (HPRT) gene. Netrin-1 expression in
human IBD patients was normalized to the ubiquitously expressed retinoid
X receptor alfa (RXR�) and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) genes, that showed less variability in expression between normal
and colorectal tumoral tissues (9). The amount of target transcripts, nor-
malized to the housekeeping gene, was calculated using the comparative
CT method. A validation experiment was performed, to demonstrate that
efficiencies of target and housekeeping genes were approximately equal.
The sequences of the primers are available upon request.

Cell Lines, Cell Death Assay, and Immunoprecipitation. Human tumor cell lines
HEK293T, HCT116, and HBL100 were cultured in DMEM (Invitrogen) supple-
mented with 10% FBS and gentamycin (50 �g/mL). Transient transfections of
HBL100 cells were performed using Fugene 6 Transfection Reagent (Roche
Applied Science), while HEK293T cells were transfected with Lipofectamine
Plus Reagent (Invitrogen), according to the manufacturer’s instructions. For
caspase-3 activity assay, HBL100 cells were transfected with IKK� or empty
vector and serum starved for 3 h before their culture medium was added on
HEK293T cells, transfected with UNC5H2 or empty vector. HEK293T cells were
harvested after 3 h incubation in the presence or absence of 1 �g/mL DCC-4Fbn
and caspase-3 activity assay was performed using the Caspase 3/CPP32 Fluo-
rimetric Assay Kit (Gentaur Biovision), according to the manufacturer’s in-
structions. Caspase activity (activity/min/microgram of protein) was calculated
from a 1-h kinetic cycle reading on a spectrofluorimeter (405 nm/510 nm,

Victor, Wallac). Caspase activation is presented as the ratio between the
caspase activity of the sample and that measured in HEK293T cells transfected
with the mock vector and incubated with the control HBL100 medium. HCT116
cells were treated with 1 ng/mL DCC-4Fbn for 24 h in combination or not with
150 ng/mL purified netrin-1 or netrin-4. DCC and caspase-9 co-immunopre-
cipitation analysis was performed as described previously (20).

DCC-4Fbn Purification. DCC-4Fbn DNA fragment was generated by PCR using
pDCC-CMV-S as a template and inserted into the vector by annealing to
promote the expression of DCC-4Fbn in fusion with an N-terminal 6�His tag.
DCC-4Fbn production was then performed using a standard procedure.
Briefly, DCC-4Fbn was expressed in BL21 cells in response to IPTG at 25 °C and
the BL21 lysate was subjected to affinity chromatography using His purifica-
tion on Ni-NTA columns (Qiagen).

DCC-4Fbn/Netrin-1 and -4 Binding Assay. DCC-Fbn4 (5 �g/mL) in PBS was
adsorbed on 96-well maxisorp plate (Nalge Nunc International) for 1 h at
37 °C. After blocking in PBS-5% BSA for 1 h at 37 °C, Flag-tagged netrin-1 or
netrin-4 (APOTECH Corporation) (ranging from 0 to 0.5 �g/mL) diluted in
PBS-0.1% Tween-20 (PBS-T) 5% BSA was then added. After a 1-h incubation at
37 °C, plates were extensively washed, and bound netrins were detected by
immunolabeling using an anti-flagM2 antibody (Sigma-Aldrich) and a HRP-
goat-anti-mouse (Jackson ImmunoResearch) using OPD as colorimetric sub-
strate. Absorbance measurement was performed on the multilabel Victor
station (Wallac).

Statistical Analysis. The data reported are the mean � SD of at least three
independent determinations, each performed in triplicate. Statistical analysis
was performed by the nonparametric Mann–Whitney U test unless indicated.
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