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Abstract: The aim of this study is to explain the effects and mechanism of CtBP2 in the development of esophageal
squamous cell carcinoma. In this study, we first evaluated CtBP2 protein expression of ESCC tumor and adjacent
normal tissues by immunohistochemistry (IHC) and Western blot (WB) assay. Meanwhile, the number of vessels
of ESCC and adjacent normal tissues were measured by immunofluorescence. In cell experiments, the effects of
CtBP2 were evaluated by wound healing assay, flow cytometry detection, and EPC tube formation. The mechanisms
of CtBP2 were investigated by immunofluorescence, gRT-PCR, WB, and EdU incorporation assay. In conclusion,

CtBP2 inhibits ESCC in vitro and CtBP2 has a key role in the development of ESCC.
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Introduction

Esophageal carcinoma is the eighth most com-
mon cancer around the world contributing to
cancer-related mortality. Esophageal squa-
mous cell carcinoma (ESCC) is the key form of
esophageal carcinoma [1]. Epidemiological evi-
dence shows that environmental risk factors,
linking heavy alcohol drinking, micronutrient
deficiency, and so on, may participate in the
development of ESCC. While, only a few indi-
viduals develop ESCC, showing that host genet-
ic change may also promote ESCC etiology [2].
Recent research found a transcription gene as
a novel lineage survival oncogene during the
development of ECSS [3]. However, the precise
molecular mechanism underlying ESCC still
remains unknown. Therefore, it is important to
identify functional metastasis genes and their
intrinsic molecular mechanisms in the ESCC
field.

Angiogenesis plays an essential role in metas-
tasis and growth of ESCC, and endothelial
growth factors have been reported to be impor-

tant molecules during the development of
tumor angiogenesis [4]. Two principal signaling
pathways participate in angiogenesis: vascular
endothelial growth factor (VEGF) signaling and
Notch-Delta signaling [5, 6]. Previous studies
found that VEGF, a vital angiogenetic factor,
leads to tumor angiogenesis and tumor pro-
gression in ESCC. VEGF may be a promising fac-
tor for anti-angiogenic co-treatment in ESCC by
therapeutic interference with VEGF [7]. In
53.8% of esophageal adenocarcinoma pati-
ents, VEGFR expression was observed and was
correlated with poor survival [8]. Moreover,
VEGF promotes Notch signaling through induc-
ing dll4 expression, which ameliorates VEGF
signaling [9-11]. Furthermore, previous res-
earch found that the translocation leukemia
associated gene, Tel, has a vital role in the anal-
ogous process of angiogenesis [12]. Lacking Tel
inhibits development of angiogenesis [13].

C-terminal binding protein (CtBP) interacts with
the C-terminus of the adenovirus E1A oncopro-
tein, which has been identified as a potential
target for treating cancer [14]. CtBP2 modu-
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lates proliferation and cell cycle in an ESCC cell
line through interaction with p16™¢*  finally
promoting progression of ESCC [15]. Moreover,
CtBP2 induces migration of ESCC cells and
the transition of epithelial-mesenchymal (EMT)
in ESCC in a CCNG/CDK7-dependent man-
ner [16]. However, participation of CtBP2 in
angiogenesis under ESCC is still unknown.
Thus, this study aims to detect the underlying
mechanism of CtBP2 during progression of
angiogenesis with ESCC insults, and may pro-
vide a novel therapeutic target for the treat-
ment of ESCC.

Materials and methods
Cell lines and cell cultures

ECA109, a human esophageal cancer cell line,
was purchased from the American Type Culture
Collection (ATCC, USA). Cells were cultured in
RPMI 1640 (GibCo BRL, Grand Island, NY), con-
taining 10% heat-inactivated fetal calf serum, 2
mM L-glutamine, and 100 U/ml penicillin-strep-
tomycin mixture (GibCo BRL), at 37°C in a
humidified atmosphere of 5% CO,.

Clinical specimens

Fifty clinical specimens with ESCC were collect-
ed from the Department of Pathology, Affiliated
Hospital of Nantong University. None of the
patients was treated with preoperative thera-
pies, such as radiation and immunotherapy.
After surgical removal, all tumorous and sur-
rounding non-tumorous tissues were fixed in
10% buffered formalin and then embedded in
paraffin for sectioning. Furthermore, ten paired
tumorous and adjacent non-tumorous tissue
specimens were immediately stored at -80°C
for further analysis.

Plasmid construction

pcDNA3.1 CtBP2 and CtBP2 siRNA vector were
Kindly donated by Dr. J. P. Blaydes (School of
Medicine, University of Southampton). ECA109
cells were seeded the day before transfection
using 1,640 with 10% FBS but without anti-
biotics. Transient transfection of siRNA vectors
and the non-silencing vectors was carried out
employing lipofectamine 2000 and plus rea-
gent in Opti-MEM as suggested by the manu-
facturer. The cells were incubated with the pSi-
lencer vectors and lipofectamine plus reagent
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complexes for 4 h at 37°C. Transfected cells
were used for subsequent experiments for 48
h after transfection. The experiments were
repeated at least three times.

Histopathological examination

Sections of tumor tissue were removed and
immediately fixed in 10% phosphate buffered
formalin solution and embedded in paraffin.
Sections (4-um) from each sample were cut
and stained with hematoxylin and eosin (H&E)
and Masson'’s trichrome. The prepared kidney
sections were observed under an Olympus
BX51 light microscope (Olympus, Japan) at a
magnification of x400 with an OlympusDP70
digital imaging system (Olympus, Japan). The
results of H&E stain were graded according to
epithelial proliferation, alveolitis, edema, inflam-
matory cell infiltration, and interstitial fibrosis,
and the results of Masson’s trichrome stain
were graded according to the levels of ECM.
Criteria for grading were as follows: grade O,
normal; grade 0.5, slight; grade 1, mild; grade
2, moderate; and grade 3, severe.

ELISA

Tumor tissue sections of rat were prepared for
ELISA. 50 mg renal tissues were homogenized
in 400 ul PBS and centrifuged at 800 g for 20
min. After centrifugation, the supernatants
were then collected and stored at -80°C. The
contents of VEGF, bFGF, IL-8, and PD-ECGF
were detected by using the enzyme-linked
immunosorbent assay (ELISA) kits according to
the manufacturer’s instructions. The absor-
bance was measured at 450 nm.

Immunohistochemical staining

Tumor tissue sections of rat were fixed in
10% formalin, embedded in paraffin, sectioned,
and then prepared for immunohistochemical
staining. Sections were mounted on slides,
dewaxed, and hydrated. Slides were boiled in
10 mM sodium citrate buffer (pH 6) for 20
min and cooled at room temperature about
30 min. After treatment with 0.1% triton-100
for 10 min, sections were incubated in 3%
hydrogen peroxide for 10 min. After block-
ing with normal goat serum for 20 min at 37°C,
sections were incubated with, anti-CtBP2
antibodies at 4°C overnight. They were wash-
ed and incubated with peroxidase-conjugat-
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Figure 1. Comparison of CtBP2 and the number of microvessels in tumorous
and para-carcinoma tissue. A: The expression of CtBP2 was observed by Im-
munohistochemical assay. Paraffin-embedded ESCC tumorous and para-car-
cinoma tissue sections were stained with CtBP2 antibody. The CtBP2 expres-
sion was recorded using an inverted microscope (magnification 400x%). B:
The preparation and culture of esophageal squamous cell were described in
Materials and Methods Section. The proteins were extracted with lysis buffer.
The level of CtBP2 were analyzed by 10% SDS-PAGE, B-actin was used as the
internal control. C: The sections of ESCC tumorous and para-carcinoma tis-
sue were stained with Iso-B4. The numbers of microvascular were recorded

using an inverted microscope (magnification 400x).

ed secondary antibodies at 37°C for 1 h. Af-
ter incubation with 3, 3’-diaminobenzidine
tetrahydrochloride and hydrogen peroxide, the
sections were counterstained with hemato-
xylin.

Immunofluorescence

Tissues or cells were fixed in 10% formalin
for 30 min at room temperature, and then tr-
eated with 0.1% triton-100 for 10 min and
incubated in 3% hydrogen peroxide for 10
min. After blocking with normal goat serum
for 20 min at 37°C, sections were incubat-
ed with Iso-B4 at 4°C overnight. They were
washed and incubated with FITC-conjugated
secondary antibodies at 37°C for 1 h. Tissues
or cells were counterstained with Hoechst
33258.

2992

Normal tissue

polymerase chain reaction
(QRT-PCR)

Cells were seeded into 6-well
plates and incubated with
serum-free medium for 2 h.
Subsequently, cells were tra-
nsfected with Lipo3000 and
plasmids for 72 h. Total RNA
was extracted using TRIzol
(1 mL) according to the ma-
nufacturer’s instructions. The
concentrations were deter-
mined using optical density
measurements at 260 nm on
a spectrophotometer. cDNAs
were synthesized according to
the manuscript. Then, 20-uL
reaction mixtures containing
SYBR green, nuclease-free
water, forward primer, rever-
se primer and cDNA were
transferred to different PCR
tubes. Mefor every run to
ensure that only the correct
product was amplified. The Ct
values were normalized to
the corresponding values of
GAPDH. The primer sequence
as following: bFGF: F: 5’-CCTC-
ACATCAAGCTACAACTTC-3’; R:
5’-GCCAGTAATCTTCCATCTTC-
CT-3'. IL-8: F: 5’-TTAAATCTGG-
CAACCCTAGTCTG-3’; R: 5'-TG-
TGAGGTAAGATGGTGGCTAA
-3". VEGF: F: 5’CGCTTACTCTCACCTGCTTCT-3’; R:
5-GCTTCTTCCAACAATGTGTCTCT-3’. PD-ECGF:
F: 5-GCGGACGGAATCCTATATGC-3’; R: 5’-TACTG-
AGAATGGAGGCTGTGAT-3'. GAPDH: F: 5’-AGATC-
ATCAGCAATGCCTCCT-3’; R: 5-TGAGTCCTTCCAC-
GATACCAA-3.

Western blot analysis

Cells were seeded into 6-well plates and incu-
bated with serum-free medium for 2 h.
Subsequently, cells were transfected with
Lipo3000 and plasmids for 72 h. Total protein
was extracted with RIPA lysis buffer containing
PMSF for 30 min on ice. The extracts were har-
vested using centrifugation at 12,000 rounds
per minute for 5 min at 4°C. The contents of
proteins were measured by BCA. Twenty ug of
proteins were loaded and separated by 10%
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Figure 2. Effect of CtBP2 in angiogenesis. The preparation and culture of
esophageal squamous cell is described in the Materials and Methods Sec-
tion. Cells were transfected with Lipo3000 and plasmids. A: The expression
of CtBP2 and CD31 was measured by Western blot. B: 1x10° cells were
seeded in 6-well plated per-coating with Matrigel. Photos were taken at 8 h

by an inverted microscope (magnification 200x).

SDS-PAGE. Then, proteins were transferred to
PVGF members (0.22 um). Membranes were
blocked by 3% BSA in TBS-Tween 20 (0.1%) and
then incubated with the corresponding antibod-
ies. Finally, the membranes were incubated in
ECL reagent for 2-10 min and then exposed to
X-ray film.

Wound healing assay

Cells were seeded into 6-well plates and in-
cubated with serum-free medium for 2 h.
Subsequently, cells were transfected with
Lipo3000 and plasmids for 72 h. Cells (1x10°
cells/ml) were seeded into a 6-well plate and
incubated for 24 h. The center of the cell mo-
nolayer was then scraped with a sterile micro-
pipette tip to create a straight gap of constant
width. The wells were washed with PBS. Wo-
und closure was imaged at O and 24 h using
an inverted light microscope (maghnification,
x200).
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Flow cytometry detection

Cells were seeded into 6-well
plates and incubated with
serum-free medium for 2 h.
Subsequently, cells were tr-
ansfected with Lipo3000 and
plasmids for 72 h. Cells were
harvest by 0.25% trypsin with-
out EDTA. Cells were washed
by PBS for three times and
then incubated with 500 pL
binding buffer, 5 yL Annexin
V-FITC and 5 uL PI for 30 min.
the apoptosis of cells were
measured by BD FACS Calibur
and data were analyzed by
Cell-Quest.

EdU incorporation assay

Cells were seeded into 6-well
plates and incubated with
serum-free medium for 2 h.
Subsequently, cells were tra-
nsfected with Lipo3000 and
plasmids for 72 h. Then, cells
were cultured with 10 yM Edu
for 4 h and washed with PBS
for three times. After fixation
with 4% polyoxymethylene,
the Edu assays were detected
according to the manuscript.
Photos were taken and analyzed by Olympus
BX51 light microscope (Olympus, Japan) at a
maghnification of x400 with an OlympusDP70
digital imaging system (Olympus, Japan).

EPC tube formation

Cells were seeded into 6-well plates and incu-
bated with serum-free medium for 2 h. Subse-
quently, cell were transfected with Lipo3000
and plasmids for 72 h. Cells (1x10° cells/ml)
were seeded into a 24-well plate pre-coated
with 100 ul Matrigel for 8 h. tube formation
were detected using an inverted light micro-
scope (magnification, x200).

Statistical analysis

Data are presented as mean * standard de-
viation (SD) from at least six independent
experiments. Significant differences among
groups were compared by using ANOVA with P <
0.05 being considered statistically significant.
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Figure 3. Effect of CtBP2 in proliferation, apoptosis, and migration. The preparation and culture of esophageal squa-
mous cell was described in the Materials and Methods Section. Cells were transfected with Lipo3000 and plasmids.
A, B: The proliferation of cells was observed by EdU assay, with the pictures recorded by an inverted microscope
(maghnification 400x). C, D: Cells were cultured with annexin-V FITC/PI for 30 min, then the apoptosis of cells were
analyzed by flow cytometry. E, F: Migration were measured by wound healing assay. The wound healing lengths were

recorded at O h and 24 h.

Results

Expression of CtBP2 and the number of mi-
crovessels increased in esophageal squamous
cell carcinoma (ESCC)

CtBP2 expression has been reported to be up-

regulated in ESCC [17]. To confirm this research,
we examined expression of CtBP2 in tumor tis-
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sues and adjacent non-tumor tissues from 20
ESCC tissue specimens. As shown in Figure 1A,
we found that expression of CtBP2 was dramat-
ically increased in tumor tissues, compared
with adjacent non-tumor tissues. Immuno-
histochemical staining also showed that CtBP2
was highly expressed in tumor tissues (Figure
1B). Moreover, the numbers of vessels in ESCC
were higher in tumor tissues than in adjacent

Int J Clin Exp Pathol 2018;11(6):2990-2999
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Figure 4. Effect of CtBP2 on PD-ECGF, VEGF, bFGF, and IL-8. The preparation and culture of esophageal squamous cell were described in Materials and Methods
Section. Cells were transfected with Lipo3000 and plasmids. A-D: Total RNA were extracted by TRIzol and the cDNA were synthesized according to the manuscript.
The expression of PD-ECGF, VEGF, bFGF, and IL-8 were analyzed by real-time gPCR. E-H: The supernatants were collected and certificated at 12,000 rpm for 10 min.
The contents of PD-ECGF, VEGF, bFGF, and IL-8 were measured by ELISA.
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non-tumor tissues (Figure 1C), indicating that
there may exist a correlation between CtBP2
and the number of vessels in ESCC.

Blocking CtBP2 expression inhibits vascular
endothelial cell angiogenesis

To detect function of CtBP2 in tumor angiogen-
esis, we overexpressed or inhibited CtBP2
expression in ECA109 cells in vitro. As shown in
Figure 2A, expression of CtBP2 was dramati-
cally increased after transfection of the plas-
mid flag-CtBP2, and transfection with si-CtBP2
inhibited the level of CtBP2. Moreover, CtBP2
over-expression significantly promoted the
number of vessels, shown with CD31 expres-
sion. Data also confirmed that blocking CtBP2
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Figure 5. Tel interacts with CtBP2. A: The lysates of ECA109 cells co-trans-
fected with HA-CtBP2/MYC-Tel or HA-EMPTY/ MYC-Tel were immunoprecipi-
tated with an CtBP2 antibody and analyzed by Western blot with antibodies
against CtBP2 and Tel. B: The lysates of ECA109 cells co-transfected with
HA- CtBP2/MYC-Tel were immunoprecipitated with IgG, CtBP2 antibody, or
without antibody, respectively. The immunoprecipitated proteins were ana-
lyzed by Western blot with antibodies against CtBP2 and Tel. C: ECA109 cell
lysates were immunoprecipitated with an CtBP2 antibody or normal IgG (con-
trol), followed by Western blot with antibodies against CtBP2 and Tel. D: Con-
focal microscopy images were obtained from ECA109 cells co-transfected
with HA-CtBP2 (purple) and MYC-Tel (green); the nuclei were imaged by DAPI

tosis, and migration was iden-
tified with or without CtBP2
expression. As shown in Fig-
ure 3A and 3B, over-express-
ing CtBP2 in ECA109 cells
could promote endothelium
proliferation, whereas the pr-
oliferation was significantly
inhibited under CtBP2 block-
ing, compared with control
groups. Moreover, up-regula-
tion CtBP2 in ECA109 dra-
matically reduced apoptosis
in endothelial cells, and
CtBP2 inhibition also increas-
ed the level of apoptosis in
endothelium (Figure 3C, 3D).
Wound healing assays showed that over-
expressing CtBP2 in ECA109 cells enhanced
endothelial cell migration, while inhibiting
CtBP2 expression in ECA109 cells could sup-
press cell migration (Figure 3E, 3F). Taken
together, these results certify that CtBP2 par-
ticipates in the development of angiogenesis,
and acts as an angiogenesis promoter in vitro.

Reduced CtBP2 expression in ECA109 de-
creases the release of angiogenetic factors

Since CtBP2 could promote angiogenesis in
endothelium, we examined the relative angio-
genetic factors in endothelial cells to further
validate our data. The release and mRNA level
of VEGF, platelet derived endothelial cell growth

Int J Clin Exp Pathol 2018;11(6):2990-2999



CtBP2, ESCC, biological activity

factor (PD-ECGF), basic fibroblast growth factor
(bFGF) and interleukin (IL)-8 in endothelium
were examined by ELISA and real-time gPCR.
As shown in Figure 4A-D, except PD-ECGF, the
mMRNA level of VEGF, bFGF, and IL-8 were dra-
matically increased with CtBP2 insult, whereas
CtBP2 inhibition could decrease the mRNA
level of VEGF, bFGF, and IL-8. Furthermore, we
collected the supernatant of endothelial cells
with or without CtBP2 stimulation. ELISA assay
found that the content of VEGF, bFGF, and IL-8
was also up-regulated when CtBP2 was overex-
pressed, while blocking expression of CtBP2
reduced the content of VEGF, bFGF, and IL-8.
The content of PD-ECGF didn’'t change with or
without CtBP2 stimulation. These findings sug-
gest that CtBP2 overexpression in ECA109 pro-
motes the release of VEGF, bFGF, and IL-8 to
induce angiogenesis.

CtBP2 activates notch by CtBP2-Tel complex

A previous study certified that Notch signaling
participates in the development of angiogene-
sis [10]. Moreover, Tel, a translocation ets leu-
kemia gene, also has a role in the process of
angiogenesis [12]. Evidence found that mi-
ce lacking Tel exhibit defects in angiogenesis
[19]. To confirm whether CtBP2 activates No-
tch signaling through Tel, we carried out co-
immunoprecipitation experiments. As shown in
Figure 5A, Tel was found in the CtBP2 immuno-
precipitates from cells co-transfected with
flag-CtBP2, whereas it was detected at low lev-
els in the cells transfected with Tel alone. No
Tel was detected by the Myc antibody when
IgG was used as an immunoprecipitation
reagent in the same experiment (Figure 5B).
Moreover, endogenous Tel and CtBP2 were co-
immunoprecipitated using a CtBP2 antibody
and IgG, when used as the control (Figure 5C).
Finally, co-localization of Tel and CtBP2 was
detected by confocal microscopy. As detected
in Figure 5D, CtBP2 was present in the nucle-
us, and Tel was enriched in some areas, which
were co-localized with CtBP2 as well. These
results identify that CtBP2 interacts with Tel.

Discussion

CtBP2 has been identified to be a vital tumor
promoter, which participates in the develop-
ment of breast cancer [20], prostate cancer
[24], neuroblastoma [22], and human esopha-
geal squamous cell carcinoma [15]. A previous
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study found that LncRNA NEAT1 regulated cell
progression in ESCC through the miR-129/
CtBP2 axis, which leads to a better research of
mechanism of ESCC [23]. Moreover, another
investigation identified that CtBP2 promoted
ESCC migration in a CCNH/CDK7-dependent
manner [16]. However, the effect of CtBP2 on
angiogenesis under ESCC is still unknown.

In the present study, we confirmed that the
expression of CtBP2 is significantly increased
during ESCC, compared with adjacent non-
tumorous tissue specimens. Immunostaining
showed CtBP2 expression is inversely associ-
ated with the number of microvessels in ESCC.
The expression of CD31, a microvessel marker,
was also up-regulated after overexpression
CtBP2 as detected by Western blot, as well as
CtBP2. Tube formation analysis demonstrated
that CtBP2 could promote the formation of
microvessels, and that angiogenesis was inhib-
ited without CtBP2. From these results, we rec-
ognize the strong association between CtBP2
and angiogenesis in ESCC. However, the mech-
anism of CtBP2 in angiogenesis under ESCC is
still unclear.

We also clarified the function of CtBP2 on en-
dothelial proliferation, migration, and apopto-
sis. Edu analysis showed CtBP2 promoted
the proliferation of endothelium, whereas pro-
liferation was inhibited without CtBP2. Fur-
thermore, CtBP2 was identified as an apopto-
sis inhibitor in ESCC cell lines. Flow analysis
found that CtBP2 significantly suppressed
endothelial apoptosis in vitro. Transwell inva-
sion assays also demonstrated endothelial
invasion was promoted with CtBP2 overexpres-
sion. Furthermore, the level of VEGF, bFGF, and
IL-8, which were tumor angiogenesis control-
lers [24], were highly expressed under CtBP2
insult through ELISA assay. Taken together, our
results suggested that CtBP2 could promote
angiogenesis in ESCC to aggravate the occur-
rence of ESCC.

We noticed that CtBP2 is directly combined
with Tel in ECA109 cells. Previous research
found Tel was a vital factor during tumor angio-
genesis [25]. Accumulating evidence also dem-
onstrated that lacking Tel in embryonic stem
cells leaded to die with defective angiogenesis
[19]. In the present study, we identified CtBP2,
as a target of Tel in ESCC, in agreement with
previous work in endothelial sprouting [26].

Int J Clin Exp Pathol 2018;11(6):2990-2999
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Co-immunoprecipitation and confocal analysis
also showed that CtBP2 combined with Tel.
These results indicate that Tel is a functional
target of CtBP2 in regulating angiogenesis dur-
ing the development of ESCC.

Conclusions

In conclusion, our study identified that CtBP2
inhibition could suppress esophageal squa-
mous cell carcinoma via decreasing angio-
genesis.
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