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VEGF-A not Ang2 mediates endothelial-like differentiation
of immature DCs by ERK1/2 signaling in the
microenvironment of human colon adenocarcinoma
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Abstract. Endothelial-like differentiation of dendritic cells
(DCs) is an interesting and significant phenomenon, which is
worth further investigation. Here, we show that the tumor
microenvironment derived from the supernatant of the SW620
human colon adenocarcinoma cell line and colon adenocarcinoma
tissue homogenate can promote immature DCs (iDCs) to
differentiate from the DC pathway toward endothelial cells,
while the peri-carcinoma homogenate supernatant does not have
this role. Inhibition of angiopoietin-2 (Ang?2) in the supernatant
by its antibody has no obvious influence on the endothelial-
like differentiation. In contrast, inhibition of vascular endothelial
growth factor-A (VEGF-A) blocked the differentiation. During
the course of differentiation, a sustained activation of ERK1/2
was detected. PD98059 blocked the phosphorylation of ERK1/2
as well as the endothelial-like differentiation of iDCs. Inhibition
of VEGF-A also blocked the phosphorylation of ERK1/2.
These data suggest that VEGF-A not Ang2 mediates endo-
thelial-like differentiation of iDCs by ERK1/2 signaling in the
microenvironment of human colon adenocarcinoma.

Introduction

Dendritic cells (DCs) are antigen-presenting cells that play a
key role in the initiation and regulation of immune responses.
However, recent research shows that a novel leukocyte subset
within murine and human ovarian carcinoma coexpressed
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endothelial cell (EC) and DC markers, and has proved that
murine bone marrow-derived DCs could undergo endothe-
lialization in vitro after incubation at a high level of vascular
endothelial growth factor-A (VEGF-A) (1-4). CD34* progenitor
cells, which are capable of developing into DCs, with the
addition of conditioned medium of murine Lewis lung
carcinoma cells redirected their differentiation into ECs (5).
Tumor-associated DCs (TADCs) incubated additionally
with VEGF and oncostatin M could trans-differentiate into
endothelial-like cells (ELCs), which might be an alternative
pathway of tumor angiogenesis (6). These reports show that
DC progenitor or DCs can trans-differentiate into ELCs,
possibly contributing to vasculogenesis in the adult. Thus,
DCs might exert an important impact on the neovascularization
process in different physiopathological conditions (7).

We previously reported that the tumor microenvironment
derived from the supernatant of human esophageal squamous
cell carcinoma cell line EC9706 could induce immature DCs
(iDCs) to differentiate into ELCs. Inhibition of VEGF-A in
the supernatant blocked the endothelial-like differentiation
(8). We questioned 1) is the contribution of ELCs to vasculo-
genesis organ-dependent? 2) is there some better way to
simulate a tumor microenvironment in vitro than by using
tumor cell culture supernatant or by adding some cytokine
(5-9)? 3) can the normal tissue microenvironment promote the
endothelial-like differentiation of iDCs? 4) besides VEGF-A,
are other pro-angiogenic factors involved in this differ-
entiation?

Colorectal cancer is the third most common form of human
cancer, and it is the second most common cause of cancer-
related death in the Western world (10). In this study, we
examined the possibility of the endothelial-like differentiation
of iDCs in the microenvironment derived from the supernatant
of human colon adenocarcinoma cell line SW620 and colon
adenocarcinoma tissue homogenate, and investigated the role
of angiopoietin-2 (Ang2), VEGF-A, and ERK1/2 signaling in
endothelial-like differentiation of iDCs. Results show that
both the supernatant of SW620 cell culture and colon adeno-
carcinoma tissue homogenate can induce iDCs to differentiate
from the DC pathway toward an EC pathway, but the peri-
carcinoma tissue homogenate supernatant does not have this
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role. In addition, VEGF-A not Ang2 in the supernatant
mediates endothelial-like differentiation of iDCs by ERK1/2
signaling.

Materials and methods

Culture of primary human umbilical vein endothelial cells.
The aseptic cords were contributed by healthy parturient donors
from the Third Affiliated Hospital, Zhengzhou University
School of Medicine. The method of isolation, culture and
identify of primary human umbilical vein endothelial cells
(HUVECS) is as previously described (8).

Preparation of SW620 cell culture supernatant and homogenate
supernatant of colon adenocarcinoma and peri-carcinoma.
SW620 cells were cultured in RPMI-1640 medium with
10% fetal calf serum. The cells were replenished with fresh
medium after reaching 60-80% confluence. The supernatant
was collected and filtered after 24-h incubation (5). Fresh
tumor specimens of poorly differentiated colon adenocarcinoma
tissue and peri-carcinoma tissue (>5 cm) 6 cases (without
preoperative radiotherapy and chemotherapy) were collected
to prepare to the homogenate supernatant by grinding and
centrifuge. The above specimens were contributed by donors
from the Henan Tumor Hospital.

Induction of endothelial-like cells from iDCs. Peripheral blood
mononuclear cells (PBMCs) were harvested from healthy
adult volunteers by density gradient centrifugation over Ficoll
(6) and seeded in 24-well plates at 2x10%/1 for 3 h. The
adherent cells (monocytes) were induced toward DCs with
rhGM-CSF 100 ug/1 (Amoytop), rthIL-4, 5 ug/l (PeproTech).
SW620 supernatant (40%) was added at the end of day 2.
After 7 days of induction with SW620 supernatant, induced
cells were harvested on day 9 (i.e. 247) for study. Parallel
culturing of control DCs also were harvested on day 9. To
detect the effect of Ang2 and VEGF-A on the differentiation
of iDCs, Ang2 antibody (1 xg/ml) or VEGF-A antibody (1 ug/
ml) and isotype control IgG (Santa Cruz) were first mixed
with the SW620 supernatant.

Immunofluorescence analysis. Induced cells, control DCs and
the HUVECs were seeded in 96-well plates and incubated for
24 h, then fixed with 4% paraformaldehyde for 30 min. Rabbit
anti-human vWF (1:200; Santa Cruz) as the primary antibody
and FITC-conjugated goat anti-rabbit IgG as the secondary
antibody were used. For detection of nuclear translocation of
phospho-p44/42 MAPK/ERK Ab (Thr202/Tyr204; 1:200;
Cell Signaling) as the primary antibody and FITC-conjugated
goat anti-rabbit IgG as the secondary antibody were used,
and the nuclear stain PI (Sigma) 200 pxg/ml was used. The
procedure was followed by the immunocytochemistry. Cells
with green fluorescent particles in the cytoplasm were counted
as having positive expression.

Flow cytometry (FCM) analysis of DC surface markers. Cells
of the SW620 supernatant group, and its control DCs were
harvested on day 9. The cells were resuspended in PBS with
concentration 1x10%/ml. Monoclonal antibodies against human
CD86, CDla (FITC, BD), CD1l1c (PE, BD) (20 pl/10° cells)
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were incubated with the cells for 30 min in dark at 4°C. The
cells were washed with PBS, resuspended in PBS and analyzed
by flow cytometry.

Western blot analysis. Total protein concentration of cells in
each group was measured by the Bradford method. Cell lysates
(50 pg) were resolved to 10% SDS-PAGE gel and transferred
to PVDF membrane. vVWF Ab (1:300), CD144 Ab (1:1000;
Cell Signaling), phospho-p44/42 MAPK/ERK Ab (Thr202/
Tyr204; 1:1000; Cell Signaling), anti-p44/42 MAPK/ERK Ab
(Thr202/Tyr204; 1:1000; Cell Signaling) were added,
respectively overnight at 4°C. HRP-IgG secondary antibody
was incubated for 2 h at room temperature. The membranes
were visualized with ECL. The Gel Doc Imaging System was
used for detecting the gray value of the protein bands.

In vitro angiogenesis assay. The cells of SW620 supernatant
group, control DCs and HUVECs were digested and washed
twice and resuspended with PBS. The cells were seeded in
the 96-well plates (coated with fibronectin for 45 min) with
1x10° cells/well, in quadruplicate, and were cultured with
ECM at 37°C with 5% CO,. The cells were observed with an
inverted microscope.

Dil-Ac-LDL and India ink uptake assay (6,11). The induced
cells and control were seeded in 96-well plates and incubated
for 36 h, then, 10 yg/ml Dil-Ac-LDL (Biomedical Technologies
Inc.) was added and the cells were further incubated at 37°C
for 4 h. The medium containing Dil-Ac-LDL was removed,
and washed 3 times with PBS, then 10 pl/ml India ink was
added into the medium and the cells were incubated at 37°C
for another 4 h. The India ink medium was removed and the
cells were washed 3 times with PBS. Cells were observed
with an inverted fluorescence microscope.

Detection of Weibel-Palade bodies by transmission electron
microscopy. The cells of the SW620 supernatant group and
the control DCs were digested by 0.25% trypsin and centrifuged
at 2000 r/min for 10 min, and pro-fixed with 2.5% glutaral-
dehyde overnight. Then, the cells were post-fixed by 1%
osmic acid, dehydrated with alcohol gradient, dehydrated with
100% acetone, embedded in epoxy resins 812, 815, sliced by
Leica ultramicrotomy, and double electron stained with uranyl
acetate and citric acid. The photographs were taken by
transmission electron microscopy (TEM) (Hitachi H-7500).

Statistical analysis. Data were expressed as means =+ standard
deviation (SD) with at least three separate experiments and
analyzed by One-way ANOVA and q test. Significance was
defined as p<0.05.

Results

Endothelial-like differentiation of iDCs induced by SW620
supernatant. The iDCs were induced by SW620 supernatant
for 7 days. The induced cells were slender and tended to form
tube-like structures, and some cells were arrayed into cord-
like structures (Fig. 1A), a typical appearance of ECs. The
control DCs were round (Fig. 1A). To identify the effect of
SW620 supernatant on the expression of DC surface markers
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Figure 1. Cell morphology and associated antigen expression of the endothelial-like differentiation of iDCs. (A) Morphology change of the induced cells.
PBMCs were incubated in rhGM-CSF/rhIL-4, and the 40% SW620 supernatant was added at the end of day 2. The cells of the SW620 supernatant group
presented a tendency toward tube-like structures and strip-shaped structures after adding SW620 supernatant for 7 days. The control DCs were parallel
cultured with rhGM-CSF/rhIL-4 on day 9. Magnification x200. (B) FCM analysis of the expression rate of DC specific markers in induced cells and control
DCs. (C) The expression of the EC marker vVWF in induced cells by immunofluorescence. VWF expression in the cytoplasm of SW620 supernatant group and
control DCs. Magnification x200. (D) Western blot detection of the CD144 and vWF in the induced cells. Results shown are the mean £ SD (n=3). "p<0.01 vs.

control DCs.

in induced cells, CD86, CDla and CDllIc were detected by
FCM. The expression levels of CD86, CDla and CDl1l1c were
decreased in induced cells compared with the control DCs
(Fig. 1B).

Next, we identified the effect of SW620 supernatant on the
expression of EC surface markers in induced cells by Western
blot and immunofluorescence analysis. The expression levels
of vWF and CD144 were increased in induced cells (178.4+18 .45,
180.2+9.09) compared with the control DCs (95.4+16.80,
118.0.£4.74) (n=3, p<0.01) (Fig. 1D). Immunofluorescence
analysis also revealed the enhanced expression of vVWF in
induced cells (Fig. 1C).

To demonstrate that the cells induced by SW620 supernatant
had the endothelial ability to form into tube-like structures,
the induced cells, control DCs and HUVECs were seeded
onto fibronectin-coated plates. The results showed that the
induced cells appeared in fusiform shape and tendency for
vortex distribution (Fig. 2Aa, b), which was very similar to
HUVEGC:s (Fig. 2Ad). They tended to form a tube-like structure
(Fig. 2Ac), which was similar to the tube-like structure formed
by HUVEC:s (Fig. 2Ae). In contrast, the cells were distributed
evenly in control DCs (Fig. 2Af).

Although shared by other cells as macrophages and mono-
cytes, uptake of Dil-Ac-LDL is considered to be one of the
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Figure 2. Analysis of the functional change of the endothelial-like differentiation of iDCs. (A) The formation of tube-like structures on fibronectin-coated
plates. The cells of the SW620 supernatant group appeared with fusiform shapes and a vortex distribution (a and b). The cells of iDCs induced group had a
tendency to form tube-like structures (c). The HUVECsS appeared with fusiform shapes, a vortex distribution (d) and tube-like structures (e). The control DCs
(f) appeared round and evenly distributed. Magnifications for (a) and (d) are x100. Magnifications for (b), (c), (¢) and (f) are x200. (B) Dil-Ac-LDL and India
ink uptake assay of control DCs (a) and the SW620 supernatant group (c). (b) and (d) are phase contrast photographs that are related to (a) and (c), respectively,
which show no india ink uptake. Magnification x200. (C) Acquisition of the endothelial feature, WP body, as seen by TEM. (a) Organized structure of the
cells of SW620 supernatant group. Magnification x20,000. (b) The presence of WP bodies in the cells of SW620 supernatant group. Arrow shows WP body.

Magnification x50,000.

typical functions of ECs (12,13). However, macrophages and
monocytes not only show uptake of Dil-Ac-LDL but also take
up India ink (11). In our previous research we also proved that
PBMCs had weak uptake of Dil-Ac-LDL, and strong uptake
of India ink (8). The induced cells did not take up India ink
(Fig. 2Bd), which excluded the possibility that monocytes
and macrophages were mixed in with the induced cells. The
increased uptake of Dil-Ac-LDL in induced cells showed that
the iDCs tended to differentiate toward ECs (Fig. 2Bc). In
addition, EC-specific functional structure of WP body was
detected by TEM. The results showed that WP bodies and plenty
of mitochondria were present in induced cells (Fig. 2C). No
WP body was found in control DCs.

Thus, the above results showed that iDCs differentiated
into ELCs in the colon carcinoma microenvironment derived
from SW620 supernatant, both phenotypically and functionally.

The effect of homogenate supernatant of colon adenocarcinoma
and peri-carcinoma tissue on endothelial-like differentiation
of iDCs. The iDCs were induced by homogenate supernatant
of colon adenocarcinoma and peri-carcinoma for 7 days. The
cells induced by carcinoma homogenate supernatant were
slender, while the cells induced by peri-carcinoma homogenate

supernatant were round, similar to the appearance of control
DCs (Fig. 3A).

The expression levels of vVWF and CD144 were increased
in cells induced by carcinoma homogenate supernatant
(205.3£2.52, 213.7+5.13) compared with the peri-carcinoma
group (156.0+4.00, 148.3+2.52) (n=3, p<0.01) and control
DCs (147.0+5.57, 140.7+2.52) (n=3, p<0.01). There is no
obvious difference between the peri-carcinoma group and
control DCs (n=3, p>0.05) (Fig. 3D). Immunofluorescence
analysis also revealed the enhanced expression of VWF in
induced cells (Fig. 3B). The induced cells did not take up India
ink (Fig. 3C lower). The increased uptake of Dil-Ac-LDL in
carcinoma homogenate supernatant group compared with
uptake in the peri-carcinoma group and in control DCs. There
is no obvious difference between the peri-carcinoma group
and control DCs (Fig. 3C upper).

The blocking of Ang2 in SW620 supernatant can not inhibit
the endothelial-like differentiation of iDCs. To determine the
role of Ang2 in the endothelial-like differentiation of iDCs
induced by SW620 supernatant, Ang2 Ab (1 ug/ml) was used
to investigate its effect on cell morphology, the expression
of vWF and CDI144, and the function of Dil-Ac-LDL uptake.
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Figure 3. Analysis of the effect of colon adenocarcinoma and peri-carcinoma tissue homogenate supernatant on the endothelial-like differentiation of iDCs.
(A) Morphology change of the induced cells. The cells of the colon carcinoma group appeared with fusiform shapes after adding colon adenocarcinoma tissue
homogenate supernatant for 7 days. The cells of the peri-carcinoma group had no obvious morphology change, similar to control DCs. Magnification x200.
(B) The expression of VWF in the induced cells by immunofluorescence. Magnification x200. (C) Dil-Ac-LDL and India ink uptake assay. Upper pictures
show Dil-Ac-LDL uptake, lower pictures show no india ink uptake respectively. Magnification x200. (D) Western blot detection of the VWF and CD144 in the
induced cells. Results shown are the mean +SD (n=3). p<0.01 vs.control DCs and peri-carcinoma group; “p>0.05 vs. control DCs.

The induced cells showed slender spindles. However, there
was no difference between the blocking Ang2 group and the
induced cells (Fig. 4A). The expression levels of vVWF and
CD144 were not different among the blocking Ang2 group
(214.3+5.69, 191.0+3.61), the SW620 supernatant group
(218.7+1.53, 197.0+2.00), and isotype control (219.0+3.61,
191.7+£2.52) (n=3, p>0.05) (Fig. 4D). Immunofluorescence
showed that the expression level of VWF of the blocking Ang2
group was similar to the induced cells (Fig. 4B). The uptake of
Dil-Ac-LDL showed no difference between the blocking
Ang?2 group and the induced cells (Fig. 4C).

The blocking of VEGF-A in SW620 supernatant results in the
inhibition of the endothelial-like differentiation of iDCs. To
determine the role of VEGF-A in the endothelial-like
differentiation of iDCs, VEGF-A Ab (1 ug/ml) was used to
investigate its effect. The induced cells showed slender spindles.
There was almost no slender branching in cells of the blocking
VEGF-A group, which was similar to control DCs (Fig. 5A).
Immunofluorescence showed that vVWF expression decreased

in the cells of the blocking VEGF-A group compared with the
induced cells (Fig. 5B). Uptake assay showed that the uptake
of Dil-Ac-LDL decreased in the cells of the VEGF-A blocking
group. There was no difference between the blocking VEGF-A
group and control DCs (Fig. 5C).

ERK]1/2 signaling is involved in endothelial-like differentiation
of iDCs in the SW620 supernatant microenvironment. To
determine the function of ERK1/2 signaling in the process
of endothelial-like differentiation of iDCs, we examined if
ERK1/2 signaling was activated by the SW620 supernatant.
Results showed that the phosphorylation of ERK1/2 increased
in a time-dependent manner in the differentiating iDCs. SW620
supernatant stimulates a strong phosphorylation of p44/42
ERK1/2 after 15 min of incubation. PD98059 is a selective
inhibitor of MEK1/2, the upstream regulator of phosphorylation
of ERK1/2. Therefore, we used PD98059 50 uM to block
MEKI1/2 to determine the phosphorylation of ERK1/2. Results
showed that phosphorylation of ERK1/2 was obviously inhibited
in the presence of PD98059 (n=3, p<0.05) (Fig. 6A).
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(magnification x200). (D) Western blot analysis of the expression of VWF and CD144 after blocking Ang2. Results shown are the mean + SD (n=3). "p>0.05
vs. SW620 supernatant group and isotype control; “p>0.05 vs. SW620 supernatant group.
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Figure 5. Blocking VEGF-A in SW620 supernatant resulted in the inhibition of the endothelial-like differentiation of iDCs. (A) Morphological changes after
blocking VEGF-A in SW620 supernatant by VEGF-A Ab (magnification x200). (B) Immunofluorescence analysis of the decreasing expression of VWF after
blocking VEGF-A in SW620 supernatant (magnification x200). (C) Blocking VEGF-A decreasing the Dil-Ac-LDL uptake (magnification x200).
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Figure 6. PD98059 blocking the activation of ERK1/2 and inhibiting endothelial-like differentiation of iDCs. (A) ERK1/2 was activated after 15 min of
incubation with SW620 supernatant and sustained throughout the period of 60 min in iDCs, and the activation of ERK1/2 was inhibited by PD98059. Results
shown are means = SD (n=3). "p<0.05 vs. 30", 60' group. PD: PD98059 50 M. (B) Ten uM PD98059 blocked the activation of ERK1/2 and decreased the
expression of VWF and CD144 in the cells of SW620 supernatant group. Results shown are the mean = SD (n=3). "p<0.01 vs. SW620 supernatant group. (C)
Ten M PD98059 decreased the expression of VWF and the Dil-Ac-LDL uptake in cells of SW620 supernatant + PD as seen by immunofluorescence
(magnification x200). (D) PD98059 inhibited nucleus translocation of phospho-ERK1/2 in iDCs treated with SW620 supernatant for 7 days. iDCs incubated
with SW620 supernatant showed the presence of phospho-ERK1/2 (green) in the nuclei (red) of endothelial-like differentiation of iDCs, and phospho-ERK1/2
as well as nuclear translocation were inhibited in the presence of PD98059 for 7 days (magnification x200).

After 7-day induction by SW620 supernatant, the expression
of phospho-p44/42 ERK1/2 was still strong in the differentiating
iDCs. In order to verify that the ERK1/2 signaling pathway is
essential for the differentiation, the effect of PD98059 10 uM
on the endothelial-like differentiation of iDCs was investigated.
Results showed that ERK1/2 phosphorylation was obviously
inhibited after 7-day induction by SW620 supernatant in the
presence of PD98059 (n=3, p<0.01) (Fig. 6B). Inhibition of
ERK1/2 phosphorylation by PD98059 was accompanied by
a significantly decreased expression of vVWF and CD144 in
induced cells (n=3, p<0.01) (Fig. 6B). Furthermore, Dil-Ac-LDL
uptake was reduced in the cells of iDCs induced group in the
presence of PD98059 (Fig. 6C). Thus, inhibition of ERK1/2
phosphorylation by PD98059 results in the inhibition of
endothelial-like differentiation of iDCs, both morphologically
and functionally.

The nuclear translocation of phosphorylation of ERK1/2
is key to activate related transcription factors to lead to cell
differentiation (14,15). Before the induction by SW620 super-
natant, the level of phospho-ERK1/2 (green) in iDCs was low
(Fig. 6D). iDCs incubated with SW620 supernatant for 7 days
showed the presence of phospho-ERK1/2 (green) in the nuclei

(red) of differentiating iDCs (Fig. 6D). In the presence of
PD98059 for 7 days, ERK1/2 phosphorylation as well as
nuclear translocation were inhibited (Fig. 6D). Thus, the phos-
phorylation and translocation of ERK1/2 induced by SW620
supernatant is required for the endothelial-like differentiation
of iDCs.

The blocking of VEGF-A in SW620 supernatant inhibits the
activation of ERKI1/2 and endothelial-like differentiation of
iDCs. In this study, to determine the role of VEGF-A in the
ERK1/2 signaling, we used VEGF-A Ab (1 pg/ml) to block
VEGF-A in the SW620 supernatant to investigate its effect on
ERK1/2 signaling. Western blotting showed that the level of
phospho-ERK1/2 was drastically decreased in the VEGF-A
blocking group comparing with the induced group (n=3,
p<0.01) (Fig. 7), which showed that VEGF-A played a starter
role during the process of ERK1/2 activated by SW620 super-
natant.

To determine the blocking effect of VEGF-A on the
expression of EC surface markers, we further checked the
expression of vVWF and CDI144 by Western blotting. The
results showed that CD144 and vWF expression decreased in
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the cells of the blocking VEGF-A group, compared with the
induced cells (n=3, p<0.01) (Fig. 7).

In brief, our results showed that VEGF-A not Ang2 mediates
endothelial-like differentiation of iDCs by ERK1/2 signaling
in the microenvironment of human colon adenocarcinoma.

Discussion

In this study, we first investigated the effect of the micro-
environment produced by human colon adenocarcinoma
cell line SW620 culture supernatant on the endothelial-like
differentiation of iDCs derived from PBMCs. IDCs up-regulated
the expression of the EC markers, while decreasing the DC
markers in the presence of the microenvironment. Additionally,
WP bodies and tube-like structures were formed, and
Dil-Ac-LDL uptake was enhanced in these induced cells.
All the above evidence showed that iDCs had differentiated
into ELCs in this microenvironment. In fact, PBMCs act as
pluripotent stem cells, which can be induced to acquire
macrophage, endothelial, epithelial, and hepatocyte phenotypes
(16). In this study, iDCs maintained some property of PBMCs,
which led to differentiation toward ECs in specific micro-
environment.

Tumor cell culture supernatant is often used in research
in vitro. Addition of conditioned medium of murine Lewis
lung carcinoma cells was used to investigate the CD34* cells'
differentiation (5). It has been shown that the tumor
microenvironment characterized by the presence of cytokines
and lactate can induce monocytes to transdifferentiate into
ELCs in the presence of pro-angiogenic mediators (6,9).
These methods can simulate the tumor microenvironment
to some extent. However, they are still far from the real tumor
microenvironment in vivo. In fact, tumor development relies
on a continuous cross-talk between cancer cells and their
cellular and extracellular microenvironments, which includes
complex and mutual interactions between tumor cells and
various stromal cells (17,18). To a certain extent, tumor tissue
homogenate can better reflect the tumor microenvironment
than the above methods. Previous researches has not proved
what is the effect of normal tissue microenvironment on endo-
thelial-like differentiation of iDCs. Therefore, next we used
the homogenate supernatant of human colon adenocarcinoma

and peri-carcinoma to simulate the tumor microenvironment,
to investigate their effect on endothelial-like differentiation of
iDCs. Due to the limitation of tumor specimens, we checked
the effect of homogenate supernatant on cell morphology,
the expression of VWF and CD144, and the function of
Dil-Ac-LDL and India ink uptake. Results showed that similar
to SW620 culture supernatant, homogenate supernatant of colon
adenocarcinoma could induce endothelial-like differentiation
of iDCs. However, peri-carcinoma supernatant had no obvious
effect on it.

Various extracellular factors are involved in the process of
cell differentiation. Among them, growth factors play a
central role in the EC differentiation (19). Colon carcinomas
produce both Ang 2 and VEGF, this coproduction likely
initiates tumor blood vessel formation in a synergistic fashion
(20). In a VEGF-rich milieu, destabilization of blood vessels
by Ang2 is followed by sprouting angiogenesis, whereas, in a
VEGF-depleted state, Ang2 causes endothelial death and
vessel regression (21,22). Thus, the role of Ang?2 in endothelial-
like differentiation of iDCs deserves checking. In this study,
results showed that blocking Ang2 in SW620 supernatant
could not inhibit the endothelial-like differentiation of iDCs,
which suggests Ang2 does not play a key role in this process
of differentiation. It has been shown that CD34* progenitor
cells differentiation into ECs was blocked with sTie-2, suggesting
that murine Lewis lung carcinoma-derived angiopoietins
skewed the differentiation. However, the role of angl versus
ang? in this process is under study (5). Actually, Ang2 plays
different roles in different tumor types. Lung and mammary
carcinomas that overexpressed Ang2 and specific induction of
Ang2 in gliomas were found to retard tumor growth and
metastasis (23,24).

VEGF has been shown to be an important cytokine that
induces a series of biological effects in ECs (25,26). Our
previous study proved that blocking VEGF-A in EC9706
supernatant inhibited the endothelial-like differentiation of
iDCs (8), which is consistent with the report that in mouse
ovarian carcinomas, SU5416, a VEGF receptor tyrosine kinase
inhibitor, abolished the vascular migration of CD11c* cells,
confirming the importance of tyrosine kinase signaling in
DC endothelialization (1). In contrast, murine Lewis lung
carcinoma-derived VEGF contributed to the increase in
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cellularity, but not to redirection of CD34* differentiation into
ECs (5). Therefore, it is worthwhile to check the role of
VEGF-A in SW620 supernatant on the endothelial-like
differentiation of iDCs.

Many growth factors can lead to cell differentiation through
cellular signal transduction (27). The ERK1/2 signaling plays
a key role in mediating signals from membrane receptors to
the nucleus, and is involved in the processes of cell growth,
differentiation, proliferation and apoptosis (28,29). A study
has shown that the ERK pathway plays a central role in
VEGF-induced bone marrow stem cell differentiation into
ECs (15). In this study, we observed that a sustained activation
of the ERK1/2 is required for endothelial-like differentiation
of iDCs. It is established that the nuclear translocation of
phosphorylated ERK is key to the differentiation of various
cells (14,15,30). Our results demonstrated that activated ERK1/2
was present in the nucleus of cells incubated with SW620
supernatant. PD98059 not only inhibited the activation of
ERK1/2, but also inhibited the nuclear translocation of activated
ERK1/2.

Altogether, this study showed that iDCs could differentiate
into ELCs in a colon adenocarcinoma microenvironment, and
VEGF-A not Ang2 mediates endothelial-like differentiation
of iDCs by ERK1/2 signaling in this microenvironment. There
are likely two effects by which the tumor microenvironment
could induce the differentiation of iDCs into ELCs. One is
that vasculogenesis could further facilitate vascularization,
which is required for tumor growth to progress (5,7). The
other possible effect is that the redirection of iDC differentiation
might reduce the number of functional DCs, limiting the
potential antitumor immune effect. In fact, many studies have
shown that tumor patients have defects in DC maturation, and
the number of functional DCs is reduced, which leads to
immune suppression (31,32).

Our study demonstrated a mechanism that could explain
one of the reasons for the reduced number of tumor-infiltrating
DCs. However, it is definitely worthwhile to further investigate
the inhibition of the endothelial-like differentiation of DCs and
enhancing their function in anti-tumor immunity.
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