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Abstract. Several lines of evidence support an important role
of TGF-f in the development of colorectal cancer, although
the molecular consequences are largely unknown. Soluble
transforming growth factor-f3 receptor type II (sTBRII) is a
target of transforming growth factors- (TGF-B) that plays an
important role in regulation tumorigenesis, angiogenesis and
metastasis of cancer. To elucidate whether overexpression of
SsTBRII could antagonize TGF- in colon cancer cells, we
constructed a plasmid that contains a cDNA encoding human
extracellular region of TBRII and transfected this construction
into LoVo cells. Surprisingly, in the absence of TGF-1, the
overexpression of sTBRII antagonized TGF-B-induced cell
proliferation, invasion, motility and angiogenesis, and
decreased expression of VEGF and MMP-9. Also, sTBRII
inhibited TGF-B-induced apoptosis and improved the
induction of antitumor immunity. Our data indicated that
sTBRII attenuated the biological activities of TGF-8,
suggesting that sTBRII may have a therapeutic benefit in
colorectal cancer.

Introduction

Transforming growth factor-B1 (TGF-61) is a multifunctional
cytokine involved in the regulation of many biological
processes and it has a major role in the initiation and
progression of cancer (1,2). In contrast to the tumor
suppressive effects of the TGF- signaling pathways, is the
striking finding that TGF- is widely overexpressed in many
human cancers and this alteration in tumors is associated with
poor prognosis, tumor vascularization and metastasis (2).
Colorectal cancer is one of the most common fatal
malignancies worldwide. The reasons for this biological
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aggressiveness are unknown. However, TGF-8 plays an
important role in the development of colorectal cancer (3.4).
In normal epithelial cells, TGF-8 has a predominant growth-
inhibitory effect and serves a tumor suppressor role. Thus,
loss of growth-inhibitory responses to TGF- appears to be
a common and important event that attends malignant
transformation of epithelial cells and this occurs in colorectal
cancer (5). The complex and multifunctional activities of
TGF- endow it with tumor suppressor and tumor promoting
activities, depending on the stage of carcinogenesis and the
response of the tumor cell (6). Yan et al (7) found that
TGF-B1 stimulates proliferation though a Ras-dependent
mechanism in colon carcinoma cells or some loss of
sensitivity to TGF-8 (8,9). Thus, the role of TGF-s in tumori-
genesis is controversial. Studies have shown that at early
stages of carcinogenesis the overexpression of TGF-81
provides tumor-suppressive effects via growth inhibition,
whereas at late stages TGF-B1 induces angiogenesis and
regulates the production of the extracellular matrix and
proteolytic enzymes as well as the expression of adhesion
molecules, making tumor cells more invasive and metastasis
(2,6).The mechanisms by which TGF-s confer a growth
advantage to colorectal cancer cells in vivo have not been
elucidated.

In our previous study, we found that TGF-1 levels in the
serum of patients with colorectal cancer were significantly
elevated compared to normal controls and overexpression of
TGF-B1 in colorectal cancer tissue were strongly associated
with the invasiveness and metastasis of colorectal cancer
(10,11). We also showed that TGF-B1 may be correlated
indirectly with angiogenesis though an up-regulation of the
expression of VEGF in colorectal cancer. Therefore,
antagonizing the activities of TGF- may be informative for
prevention and therapy of colon cancer. In the last decade,
significant advances in cell biology have opened several
ways to inhibit TGF-8 action (12-14). Attractive increasing
attention is the use of a soluble TGF-3 receptor that appears
selectively to inhibit metastatic disease in the MMTV-neu
transgenic mouse model that were absent in the effects either
on normal physiology or on tumorigenesis at the primary site
(15). It can also inhibit established murine malignant
mesothelioma tumor growth by augmenting host antitumor
immunity (16). In the present study, we constructed a
plasmid that contains a cDNA encoding human soluble
TBRII receptor, and stably transfected this construction into
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the human colorectal cancer cell line, LoVo, to enhance the
expression of soluble TBRII, further to determine if the
overexpression of TBRII in tumor cells could prevent TGF-
mediated tumorigenesis by directly binding to TGF- and
attenuate its action on the cell proliferation and angiogenesis.
We found that sTBRII inhibited cell proliferation, invasion
and angiogenesis and decreased the expression of VEGF and
MMP-9 via antagonizing TGF-8 activities in LoVo cells.

Materials and methods

Vector construction. The cDNA encoding the extracellular
domain of human TBRII was amplified by PCR from the
human colon tissues. PCR was performed using the sense
primer, 5'-GCAAGCTTTCTGCCATGGGTCGGGGGCTG-3',
and antisense primer, 5'-GCGGATCCCAAGTCAGGAT
TGCTGGTGTTATATTC-3'. The sense primer introduced a
Hindlll restriction site and the antisense primer introduced a
BamHI site (underlined). The ¢cDNA for the extracellular
domain (amino acids 1-159) of human TBRII was subcloned
into the HindllI-BamH]I sites of pcDNA3.1 (+).A pcDNA3.1
(+) vector with neomycin resistance only was used as
control. The sequence and orientation of the constructed
pcDNA3.1 (+)/sTBRII was confirmed by dideoxy chain
termination sequencing.

Cell culture and transfection. The human colorectal cancer
cell line LoVo (American Type Culture Collection) was grown
in RPMI-1640 (Life Technologies, Gibco). Cells were
transfected with the mammalian expression vector pcDNA3.1
(+) or pCDNA3.1 (+)/sTBRII. Transfections were performed
according to the manufacturer's instructions (Lipofectamine,
Gibco). Stably transfected cells were selected in the presence
of G418 (600 g/ml) (Lingfei, Wuhan, P.R. China). For
maintenance and culturing of transfectant clones, 400 g/ml
G418 were added to the medium. Single-cell clones were
subsequently maintained in 400 g/ml G418, and positive
clones for sTBRII expression were identified by screening via
reverse transcription-polymerase chain reaction (RT-PCR).

RT-PCR analysis. Total RNA was isolated by TRIzol
reagent (Invitrogen), as described by the manufacturer and
semi-quantified spectrophotometrically. RT reaction was
performed with 3 yg RNA and random primer using a first-
strand cDNA synthesis kit (MBI Fermentas). Transcripts of
sTBRII, MMP-9, VEGF were amplified by PCR.

Western blot analysis. Forty-eight hours after transfection,
the supernatant of cells in a 10 cm Petri dish was directly
used for Western blot analysis. After boiling for 5 min, 10 pl
of each lysate was loaded onto a 10% SDS-polyacrylamide
gel to resolve proteins. After electrophoresis, the proteins
were transferred from the gels onto PVDF membranes. The
membranes were blocked with 5% non-fat dry milk in Tris-
buffered saline containing 0.1% Tween-20 (TBS-T), and
then probed with antibodies against human TGF-BRII
(Boshide, Wuhan, P.R. China), 1:200 dilution. The
membranes were washed with TBS-T and incubated with
appropriate peroxidase-conjugated secondary antibodies
for 1 h at room temperature. Finally, the proteins on the
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membranes were detected using an ECL chemiluminescence
kit (Boshide).

Immunofluorescence. Forty-eight hours after transfection, the
cells were washed in PBS, fixed in 4% paraformaldehyde in
PBS at 4°C for 30 min followed by incubation with 100%
methanol at -20°C for 10 min. Thereafter, the cells were
washed in PBS, incubated with 1:50 dilution antihuman TGF-
BRII antibody (Boshide) and applied for 30 min. Incubation
with affinity-purified FITC-labeled goat anti-rabbit IgG
(Boshide) diluted 1:100 (v/v) lasted for 20 min. Controls
included substitution of the primary antibody by PBS.

Cell growth assays. The cell growth mediated by TGF- was
determined with a 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide (MTT) assay. To assess the growth
inhibitory effects of TGF-1, LoVo, control vector-modified
LoVo (LoVo/neo), and soluble TBRII-modified LoVo (LoVo/
STBRII) cells were seeded at a density of 10,000 cells/well in
96-well plates in RPMI-1640 medium and incubated for 48 h
before incubation for 48 h in serum-free medium in the
absence or presence of TGF-81 (5 ng ml!). The assay was
initiated by adding MTT solution at a final concentration of
100 pg of MTT/well. Wells were then aspirated and 100 pl
of DMSO (Linfei, Wuhan, P.R. China) was added to each
well, and the plate was shaken for 15 min. Plates were read at
460 nm in a spectrophotometer.

Clone formation assay. LoVo, LoVo/neo and LoVo/sTBRII
cells were plated at a density of 500/well on 6-well microtiter
plates. After an overnight incubation to allow cell attach-
ment, the medium was replaced by fresh medium containing
5 ng ml'! TGF-B1, with each cell type repeated in three wells.
After being incubated for 48 h, the medium was replaced by
fresh medium containing 10% FBS. The cells were incubated
for another 7 days, then washed thrice with PBS and fixed in
methanol for 15 min. The cells were stained with Giemsa
stain. Then the number of clone-forming cells (>50 cells)
was calculated under the microscope. The data were
expressed as mean + SD.

FITC-Annexin V and propidiumiodide (PI) staining. LoVo,
LoVo/neo and LoVo/sTBRII cells were seeded incubation for
48 h in serum-free medium in the absence or presence of
TGF-B1 (5 ng ml'"). The assay was performed using an
annexin V-FITC apoptosis detection kit (Calbiochem-
PharMingen) according to the manufacturer's directions.
Briefly, cells were washed in cold PBS and resuspended in
assay buffer, and a 100 u1 aliquot was withdrawn for analysis.
After addition of annexin V-FITC (which labels exposed
phosphatidylserine) and the nuclear stain propidiumiodide
(which stains permeable cells), the sample was incubated
15 min in the dark and then analyzed on a Becton Dickinson
FACScan flow cytometer.

Tumor cell invasion assay. In vitro invasion assays were
performed using BioCoat Matrigel Invasion Chambers
(Becton-Dickinson Bioscience) according to the manufacturer's
instructions. In brief, LoVo, LoVo/neo and LoVo/sTRRII
cells that were preincubated for 48 h in MEM in the absence
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Figure 1. Identifying sTBRII expression in LoVo cells. (A) Identification of the LoVo cells by RT-PCR. M: Marker; 1, LoVo /neo cells. 2, LoVo/sTBRII
cells. (B) Western blot analysis of culture supernatants from LoVo (lane 1), LoVo/neo (lane 2), and LoVo/sTBRII cells (lane 3). Heterogeneously glycosylated
soluble TBRII of 25-35 kDa was detected in LoVo/sTBRII cells. (C) Immunofluorescent assay; 1, expression of sTBRII identified by immunofluorescent

assay; 2, negative control.

of 5 ng ml'! TGF-B1 were plated on the upper wells of
Matrigel invasion chambers at a density of 0.5x10° cells/
500 u1 in MEM. Medium containing 10% FBS was applied to
the lower chamber as a chemoattractant to induce invasion,
according to the manufacturer's instructions. The cells were
incubated for 48 h at 37°C and 5% CO,, and the insert
membranes were then prepared for microscopic samples.
Membranes were fixed with 100% methanol and stained with
the Wright-Giemsa (Lingfei). The number of cells on the
lower surface of the membrane was counted by microscope
(x250 objective) from 5 consecutive fields. Each assay was
performed on duplicate filters, and the experiments were
repeated twice. The harvested cells were counted, and the
mean number of cells per chamber was calculated and
recorded.

Endothelial cell migration and tube formation assay. For the
assay of in vitro angiogenesis, tube formation of HUVECs in
Matrigel Invasion Chambers was analyzed employing a
coculture method. LoVo, LoVo/neo and LoVo/sTBRII cells
that were preincubated for 48 h in MEM in the absence of 5 ng
ml! TGF-61 were plated in the outer chamber of Matrigel
invasion chambers at a density of 0.5x10° cells/500 pl in

MEM and HUVECSs were suspended in serum-free RPMI and
seeded in the inner chamber. The chambers were incubated at
37°C for 72 h. Following the incubation period, non-migrated
cells on the upper surface of the filter were removed, and the
cells that had migrated onto the filter were counted manually
by examination under the microscope. Tube-like structures
that formed in the gel were measured by total length per field
(x250). Values were expressed as means and standard
deviations of five fields.

Co-culture of peripheral blood mononuclear cells with
LoVo cells and flow cytometry analysis. The peripheral
blood mononuclear cells (PBMC) were isolated from
peripheral blood obtained from adult volunteer donors using
centrifugation through Lymphocyte Separation media. After
adjustment of the cell concentration, Co-culture of peripheral
blood mononuclear cells with LoVo, LoVo/neo and
LoVo/sTBRII cells, respectively, were incubated for 48 h at
37°C and 5% CO,. The cells were analyzed by the two-color
flow cytometry method with a combination of monoclonal
antibodies directly conjugated to fluorescein isothiocyanate
(FITC) or phycoerythrin (PE). The following mixtures of
antibodies were used: anti-CD4-FITC and anti-CDS8-FITC.
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Figure 2. LoVo cells transfected with empty vector pcDNA3.1 (+) and pcDNA3.1 (+)/sTBRII were assayed for their resistance to the growth-promoting
effects in the absence or presence of TGF-81 (5 ng ml'). Results are the mean + SD of three independent determinations. (A) Relative cell number in each
well was determined by an MTT assay as described in the Materials and methods and expressed as absorbance. (B) Number of clone formation.

Data analysis. Data are expressed as mean + standard
deviation of the means. Data were considered statistically
significant at p-values <0.05 and data assessment was made
using the statistics software program SPSS11.0.

Results

Identification of the expression of soluble TPRII in transfected
LoVo cells. To determine if enhanced overexpression of the
extracellular domain of TBRII (soluble TBRII) would
interrupt TGF-B1 signaling pathway in colon cancer cells and
consequently suppress its effects on tumor growth and
metastasis, we transfected eukaryotic expression plasmid
encoding the entire domain (amino acids 1-159) of type II
human TGF-8 [pcDNA3.1(+)/ sTBRII] into LoVo cells. As a
control vector, pcDNA3.1 (+) vector with the neomycin
resistance gene only [pcDNA3.1 (+)/neo] was also constructed.
Transfected clones were selected after 3-4 weeks of growth in
medium supplemented with G418, and these clones were
selected because they displayed high levels of soluble TBRII
mRNA expression by RT-PCR analysis (Fig. 1A). Expression
of the soluble TBRII was also confirmed by Western blot
analysis and immunofluorescence analysis (Fig. 1B and C).
Western blot analysis indicated that LoVo/sTBRII cells
secreted 15 ng/ml of soluble TBRII of 25-35 kDa in size into
the culture supernatant.

STBRII inhibited colon cancer cell LoVo growth. Previous
studies have shown that TGF-8 can stimulate cancer cell
growth. To determine whether TGF-61 had similar function
in human colorectal cancer LoVo cells, we treated LoVo
cells with 5 ng ml' of TGF-6 for 48 h. We found that the
proliferation was significantly increased in the LoVo cells
with TGF-8 treatment (0.53+0.06), compared to the cells
without treatment (0.46x+0.04, P<0.05). However, the
stimulation by TGF-8 could be antagonized by sTBRII (Fig. 2),
it was affected in the LoVo/neo and LoVo grew at similar
rates in vitro (Fig. 2A). These data suggested that the
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Figure 3. TGF-61 induced apoptosis in LoVo cells analyzed by flow
cytometry.

overexpresion of sTBRII inhibited cell growth and
tumorigenicity in colon cancer cells through antagonizing the
activity of TGF-8.

The expression of sTBRII attenuates TGFf31 induced-
apoptosis. In this study, we found that TGF-B1 induced
apoptosis in LoVo cells, but the induction of apoptosis by
TGF-B1 was attenuated by sTBRII (Fig. 3).

Invasion assay. To determine if STBRII could inhibit TGF-61-
induced invasive capacity of colorectal cancer cells, we used
sTBRII transfected cells and found that the overexpression
of sTBRII significantly decreased the invasion of these cells
in the presence of TGF-1 (5 ng ml'), in comparison with
untransfected LoVo cells or mock transfected cells
(LoVo/neo) (Fig. 4A and B). Thus, soluble TBRII was able to
antagonize the biological actions of exogenous TGF-1.
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Figure 4. Effect of sTBRII expression on LoVo cell invasion and migration in co-cultured LoVo and HUVECs. (A) Schematic diagram of the migration assay
chamber; (B) Invasion of LoVo cells in the presence of 5 ng ml"! TGF-81. (C) Effect of sTBRII expression on angiogenesis in vitro, the number of tube-like
structures that formed in the gel were measured by total length per field (x250). 1, The nomal phase of HUVECs. 2, HUVECs co-cultured with sTBRII-
expressing LoVo cells showed less tubular structure in the gel. 3, HUVECs co-cultured with LoVo/neo cells showed tubular structure in the gel. 4, HUVECs

co-cultured with LoVo cells.

STPRII inhibits the motility and angiogenesis in the co-
cultured colon cancer cells and endothelial cells. When
cultured on Matrigel, endothelial cells rapidly align and form
hollow tube-like structures. This in vifro model of angio-
genesis is believed to resemble endothelial capillary web

formation in vivo. To determine whether sTBRII could affect
these properties of endothelial cells, we used the experimental
set-up shown in Fig. 4A. In brief, a chemotaxis chamber was
employed in which the lower chamber contained colorectal
carcinoma cells LoVo, and the upper chamber contained
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Figure 5. MMP-9 and VEGF mRNA expression. (A) M: Marker; 1, LoVo cells; 2, LoVo/neo cells; 3: MMP amplification product from LoVo/sTBRII cells by
RT-PCR. (B) M: Marker; 1, VEGF amplification product from LoVo/ sTBRII cells by RT-PCR; 2, LoVo /neo cells; 3, LoVo cells. (C) Semi-quantitative
RT-PCR assay for VEGF and MMP-9 mRNA. “P<0.01 when compared with the LoVo/sTBRII.

human umbilical vein endothelial cells (HUVECs). The
number of endothelial cells that migrated through the gel to
the bottom of the lower chamber was scored. As shown in
Fig. 4C, the cells formed a network of capillary-like tubes.
The mobilization or network cord formation of HUVECsS in
the response to sTBRII-overexpressing LoVo cells was
reduced in the presence of 5 ng ml' TGF-B1. In contrast,
HUVECs co-cultured with mock LoVo cells showed high
invasion or network cord formation in the presence of 5 ng
ml! TGF-61. sTBRII-overexpressing LoVo cells decreased
the number of the endothelial tubular structures (1.3+0.6) by
4- to 5-fold compared to that seen in mock LoVo cells
(4.7+1.5) and LoVo cells (5.0+1.0) (F=13.3, p<0.01).
Endothelial cells aligned themselves end to end and elongated
to form a network (Fig. 4C). This finding indicated that
sTBRII was capable of inhibiting the motility and angio-
genesis.

STBRII inhibits the MMP-9 and VEGF expression in the colon
cancer cells. Previously reports have shown that TGF-1
could directly stimulate angiogenesis by inducing expression
of the angiogenesis-inducing factor vascular endothelial cell
growth factor (VEGF) and induce capillary formation of
endothelial cells cultured on a collagen matrix, and that TGF-
B1-induced expression of the metalloprotease MMP-9 and

reduced tissue inhibitor of metalloproteases (TIMP) in tumor
and endothelial cells, provide a protease-rich micro-
environment that enhances cell migration and invasiveness of
endothelial cells (17). Our data showed that LoVo cells
secreted these angiogenic factors into the culture medium
(Fig. 5). sTBRII overexpressing LoVo cells showed a
decreased production of VEGF and MMP-9 compared to
mock LoVo cells (Fig. 5), suggesting that sTBRII over-
expressing LoVo cells inhibited the synthesis and secretion of
MMP-9 and VEGF, further to inhibit endothelial cell motility
through a matrix and inhibit angiogenesis.

STPBRII antagonizes the effect of immunity suppressed by
TGF-f3. The TGF-81 is one of the most potent immuno-
suppressive factors produced by many tumor cells. Since this
cytokine exerts regulatory effects on various kinds of immune
responses, such as maturation blockade of DCs, imbalance
of Th function, inhibition of cytokine production
responsible for priming T cells and impaired CTL activation
(18). Thus, when tumors possess potent immunogenicity,
neutralization of TGF-B1 alone enhances antitumor immunity
that has been induced in vivo in the presence of tumor, resulting
in tumor regression. A previous report by Kobie et al (18)
demonstrated that neutralization of TGF-1 by administration
of anti-TGF-B1 antibody enhanced the efficacy of a DC-based
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“P<0.01 when compared with the LOVO/sTBPII.

vaccine. Our data showed that sSTBRII can antagonize the the
immunosuppressive effect of TGF-B. sTBRII-overexpressing
LoVo cells increased the percent of the CD4 and -8 compared
to that seen in mock LoVo cells and LoVo cells (p<0.05)
(Fig. 6).

Discussion

It was found that human tumors and tumor cell lines express
higher levels of TGF-31 mRNA compared to normal tissues
(19). TGF-B showed potent growth inhibition in some cancer
cell lines. The tumor suppressive ability of TGF- has been
demonstrated in model systems. It can induce cytostatic gene
expression programs elucidated in studies with epithelial and
lymphoid cells include activation of cyclin-dependent kinase
inhibitors p15INK4B and p21WAF1 and repression growth-
enhancing transcription factors c-Myc and ID1-3 (20).
Moreover, it promoted cell growth when tumor cells were
resistant to TGF- mediated growth inhibition, and
stimulated tumor progression, invasion and metastasis (21).
Growing number of studies have shown that the increased
TGF-B production was also associated with poor pathological
or clinical outcomes such as higher tumor grade, greater
vascular counts, more metastases, and shorter survival time,
which support that the excessive amount of TGF- may
promote malignant progression (22).

High levels of TGF- in tumors have also been shown to
correlate with angiogenesis (23). TGF-B1 stimulates VEGF
via mitogen-activated protein kinase kinase 3 (MKK3) and
activation of p38a and p385 MAPK-dependent pathway in
murine mesangial cells (24). The fact that TGF-8 has been
shown to induce VEGF expression strongly suggests that
TGF- may have a pro-angiogenic effect that would promote
tumor progression. Thus, inhibiting TGF-8 signaling does not
simply promote tumor growth but it has a profound effect on
neoangiogenesis of the tumor that leads to tumor metastasis.
A very important function of TGF-8 in the tumor stroma is
the modulation of immune cells. TGF-8 is a potent immuno-
suppressive cytokine. Immunosuppressive properties of
TGF-B include inhibition of several dendritic cell (DC)
functions, inhibition of T-cell differentiation into cytotoxic
Iymphocytes (CTLs) and Th cells, and inhibition of CD4+ T-
cell differentiation into Th1 cells and Th2 cells (25). Thus,
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there is good evidence to suggest that TGF-8 is a potent factor
that promotes metastasis in late stage tumors.

In colorectal cancer, the disruption of the TGF-f signaling
cascade is considered an important mechanism by which
tumor cells can escape growth suppression (9). Attenuation of
TGF-B signaling correlates with tumor progression and
enhanced metastatic potential in animal model and human
patient samples. For instance, mutations of the TGF-
receptor II and Smad are frequently observed in patients
with colon cancer, suggesting a potential role for TGF- in
preventing colon carcinogenesis (9,26). Using a dominant-
negative TGF-RII suppressed tumor progression in colon
cancer (27). The TGF- pathway is targeted by loss-of-
function mutations in various human cancers, thus relieving
tumor cell growth from a major cytostatic agent and an
inducer of apoptosis of diverse cell types (1). However, the
precise role of TGF-f signaling in colon carcinogenesis
remains incompletely understood. Investigation of TGF-81
signal conduction pathway, have indicated that expression of
soluble TBRII or soluble TBRII can alleviate tumorigenesis by
neutralizing TGF-8 activity in tumor cells (28-30). Recently,
utilizing a soluble TGF-8 receptor has attracted more
attention. Rowland-Goldsmith et al showed that human
pancreatic cancer COLO-357 cell clones expressing soluble
TBRII were no longer showing growth even when stimulated
by exogenous TGF-B1, by transfecting a soluble TBRII
encoding the extracellular domain into COLO-357, and that
the cells exhibited a remarkable decrease in their invasive
capacity in vitro. When injected s.c. into athymic mice, these
clones exhibited attenuated growth rates and angiogenesis
(28). Direct injection of Ad.s TBRFc into preestablished
MDA-MB-231 breast tumors in nude mice causes
significant inhibition of tumor growth and induces tumor
regression (30).

In our previous study, we have demonstrated that TGF-1
played an important role in tumorigenesis and angiogenesis in
colorectal cancer (10,11). Consistent with previous studies,
we found that LoVo cells were growing well with endogenous
and exogenous TGF-81 exposure, but the promotion effect of
TGF-B1 was attenuated in the pcDNA3.1(+)/sTBRII-
expressing LoVo cells (Fig. 2). Attenuation of TGF-
signaling by soluble TBRII also inhibited LoVo cell intra-
vasation (Fig. 4). Our data also indicate that VEGF and
MMP-9 expression were down-regulated by a blockade of
exogenous TGF-B1 signaling in LoVo cells, preventing
angiogenesis (Fig. 5).TGF-8 is an active cytokine in the
activation and inhibition of lymphocytes (16,25). We
observed that an elevated level of CD4+ and 8* regulatory T
cells was accompanied by a higher proportion of soluble
TBRII, TGF-B is also recruited or activated by the immuno-
suppressive environment of the colorectal cancer cells
inhibited by TBRII, where they may suppress the induction of
antitumor immunity (Fig. 6).

In this study, we found that TGF- stimulates prolifer-
ation in colorectal cancer LoVo cells, which probably takes
place through a Ras-dependent mechanism or the mutations
of TBRII. In addition, TGF-B can stimulate invasion and
angiogenesis progression, possibly by its action on cell-
matrix interaction or by stimulating VEGF and MMP
activities. We found that a failure of the immune system to
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eradicate tumors is due to the immunosuppressive
environment created by the growing tumor and TGF- was
shown to be an immunosuppressive cytokine in cancer.
Resistance to TGF-B-induced apoptosis may be an essential
component of tumorigenesis (31), however in this study
LoVo/sTBRII cells had no positive effect on TGF-B-induced
apoptosis and some studies showed that TGF-1 also induced
apoptosis in breast cancer, gastric cancer, hepatic cancer,
lymphoma, ovarian cancer and prostate cancer cells (31,32),
suggesting that TGF-81 plays two distinct roles in regulating
cell maturation (including cell proliferation and apoptosis)
in vitro.

We found that sTBRII can antagonize the signaling
transduction of TGF-B1 in tumorigenesis, but it also inhibited
TGF-B-induced apoptosis. Therefore, strategies to manipulate
TGF-8 signaling for cancer therapy must consider its dual
functions and develop strategies in combination and specific
targeting in inhibiting tumor outgrowth and metastasis.
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