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ZEB2 promotes tumor metastasis and correlates with
poor prognosis of human colorectal cancer
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Abstract: Colorectal cancer remains the most common cause of cancer-related deaths worldwide and it continues
to lack an effective treatment. Here, we found that zinc finger E-box binding homeobox 2 (ZEB2) was overexpressed
in several colorectal cancer cell lines and colorectal cancer specimens relative to adjacent non-cancerous tissues.
Although ZEB2 has been reported to be associated with several tumors, its involvement in colorectal cancer pro-
gression remains unclear. In this study, we investigated the biological functions and molecular mechanisms of ZEB2
underlying colorectal carcinoma metastasis and angiogenesis. HCT116 colorectal cancer cells were treated with
ZEB2 shRNA or recombinant ZEB2, and the expression of ZEB2 was assessed using reverse transcriptase poly-
merase chain reaction (RT-PCR) and immunoblotting, respectively. Ectopic expression of ZEB2 induced proliferation
and epithelial-mesenchymal transition (EMT), and increased the metastatic capacity of HCT116 cells in vitro and
in vivo. Furthermore, endothelial cell tube formation and angiogenesis in chick embryo chorioallantoic membrane
(CAM) were accelerated by conditioned medium from ZEB2-overexpressing HCT116 cells. Further, overexpression of
ZEB2 accelerated tumor growth and angiogenesis in xenotransplantation models. However, silencing endogenous
ZEB2 caused an opposite outcome. Our results provide new evidence that ZEB2 promotes the progression of colon
cancer, and thereby might represent a novel therapeutic target for colorectal carcinoma.
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Introduction with colorectal cancer [3]. The high throughput
platforms for analysis of gene expression, such
as microarrays, are increasingly valued as
promising tools in medical oncology with great
clinical applications. Many gene expression-
profiling studies on colon cancer have been per-
formed in the last decade using microarray
technology and showed hundreds of differen-
tially expressed genes involved in different
pathways, biological processes, or molecular
functions. We adopted an approach to gene
expression dataset, which enabled the discov-

Despite advances in early diagnosis and com-
prehensive therapy, colorectal cancer remains
the most frequent malignancies and one of
the leading causes of cancer-related deaths
worldwide [1]. The prognoses of patients with
colorectal cancer are often poor due to metas-
tasis, and the overall 5-year survival rate of the
patients with distant metastatic colorectal can-
cer is only 12% [2]. Accumulating evidence has
demonstrated that multiple genes and cellular
pathways participate in the occurrence and

metastasis of colorectal cancer. Therefore, elu-
cidating the molecular mechanisms underlying
colorectal cancer metastasis and identifying
novel biomarker of migration and invasion are
extremely essential for the development of
more effective therapeutic strategy and im-
provement in the clinical outcome of patients

ery and validation of differentially expressed
genes in colorectal cancer. Among the differen-
tially expressed genes associated with tumor
metastasis, expression of zinc finger E-box
binding homeobox 2 (ZEB2) gene was upregu-
lated in colorectal cancer tissues as compared
to normal tissues [4].
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Members of the ZEB family have a similar str-
ucture consisting of two zinc finger clusters and
a central repression region, including CtBP and
Smad-interacting domains [5]. ZEB2, also kno-
wn as SIP1, was originally identified as a tran-
scription factor and a protein playing vital roles
in the TGF-B signaling cascade. In addition,
ZEB2 is a Smad-interacting, DNA-binding, multi-
zinc finger transcription factor involved in mul-
tiple cellular functions [6]. Previous studies
have documented that ZEB2 acts as a tran-
scriptional repressor of E-cadherin and plays a
role in epithelial-mesenchymal transition (EMT)
in breast and liver cancers. EMT is a pathologi-
cal process leading to specific morphological
and phenotypic alterations in tumor cells dur-
ing cancer metastasis. The occurrence of EMT
is accompanied by various expression-specific
epithelial and mesenchymal molecular mark-
ers [7]. During EMT, epithelial cell markers,
such as E-cadherin, a-catenin, B-catenin, and
y-catenin, are downregulated, whereas the me-
senchymal tissue markers, such as N-cadherin,
vimentin, and fibronectin, are upregulated.

Except for its role in cancer cell metastasis and
EMT, ZEB2 also plays an important role in tumor
angiogenesis. Sustained angiogenesis plays an
important role in the unrestrained growth of
solid tumors and metastasis of cancer cells to
distant organs [8]. Current clinical therapeutic
trials have suggested that techniques targeting
tumor angiogenesis are promising in the treat-
ment of cancer metastasis and progression. In
the last few years, anti-angiogenic therapy has
emerged as a promising treatment strategy for
tumors. However, while initial tumor shrinkage
and survival benefits in terms of time to pro-
gression are observed, these effects are tran-
sient and tumor growth resumes. Consistently,
treatment with angiogenesis-inhibiting anti-
VEGF is linked to enhanced invasion and multi-
focal tumor recurrence, which is associated
with aggravated cognitive decline. These find-
ings urge for the identification of new targets to
counteract the undesired side effects of anti-
angiogenic therapy [9]. Experimental evidence
in mouse models and human subjects have
implicated that increased angiogenesis is asso-
ciated with elevated ZEB2. ZEB2 overexpres-
sion increases VEGFA synthesis in breast can-
cer cells and increases formation of new blood
vessels [10].
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In this study, we investigated the level of ZEB2
expression in colorectal cancer tissues and
reported its role in disruption of colorectal can-
cer cell metastasis and angiogenesis. By silenc-
ing and overexpressing ZEB2, we confirmed the
role of ZEB2 in the cancer cell metastasis in
vitro and in vivo. Furthermore, reduction in
ZEB2 expression in HCT116 cells significantly
impaired their angiogenesis in vivo. Together,
our results provide new evidence that ZEB2
overexpression promotes colon carcinoma
metastasis and might represent a novel thera-
peutic target for its treatment.

Materials and methods
Colon cancer samples and cell lines

A total of 126 paired specimens (adjacent non-
tumor tissues and surgically resected colon
cancer) were collected from The First Affiliated
Hospital of Sun Yat-sen University between
January 2006 and March 2007. These tissue
samples were obtained from 60 male and 66
female patients with a mean age of 57.5 years
(range from 33 to 85 years). Clinic-pathological
features of these patients are shown in
Supplementary Table 1. All patients were not
treated with any chemotherapy or radiotherapy
before surgery. The last patient follow-ups were
conducted at the end of October 2012. The
patients who were lost to follow-up or death
from causes other than colon cancer were
regarded as censored data during the survival
analysis. The samples used in this study were
approved by the Committee for Ethical Review
of Research at Sun Yat-sen University. The
colon cancer cell lines (HT-29, SW480, LOVO
and HCT116) was obtained from the Cell Bank
of Type Culture Collection of Chinese Academy
of Sciences (Shanghai, China) and cultured in
Dulbecco’s modified Eagle medium (DMEM)
(HyClone, USA) or RPMI-1640 (HyClone, USA)
supplemented with 10% fetal bovine serum
(FBS; Invitrogen), penicillin (100 I1U/ml), and
streptomycin (0.1 mg/ml) in 5% CO, at 37°C.
The healthy human colonic epithelial HCoEpiC
cell line was obtained from Sciencell (Sciencell
Research Laboratories, Carlsbad, CA, USA) and
cultured in RPMI-1640 (HyClone, USA) supple-
mented with 10% fetal bovine serum (FBS;
Invitrogen), penicillin (100 IU/ml), and strepto-
mycin (0.1 mg/ml) in 5% CO, at 37°C. HUVECs
was obtained from CHI Scientific, Inc and cul-
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tured in M199 medium supplemented with
10% FBS, penicillin, and streptomycin in 5%
CO, at 37°C.

Establishment of stable expression and knock-
down cell lines

Full-length human ZEB2 complementary DNA
(cDNA) was amplified with PCR and cloned into
the pcDNA3.1 (+) expression vector (Invitrogen,
Catalog #V79020) before being transfected
into HCT116 cells using Lipofectamine 2000
(Invitrogen, Catalog #11668027) according to
the manufacturer’s instructions. Cells trans-
fected with empty vector were used as controls.
Lentiviruses containing shRNA targeting ZEB2
were purchased from Santa Cruz Biotechnology
(Santa Cruz, Catalog #sc-38642-SH). Cells
transfected with scrambled shRNA were used
as controls (Santa Cruz, Catalog #sc-108060).
The expression of ZEB2 was confirmed by qRT-
PCR and Western blotting analysis [11].

MTT assay

HCT116 cells (4x10%/well) were seeded with
200 pl of DMEM medium in a 96-well plate and
grown up to 24, 48, 72 and 96 hours. At the
end of the experiments, 100 ul 3-[4, 5-dimeth-
ylthiazol-2-yl]-2,  5-diphenyl-tetrazolium bro-
mide (MTT, 0.5 mg/ml, Sigma-AldrichCatalog
#M2003) was added to each well. The cells
were then cultured at 37°C for 4 h, and 200 pl
DMSO was added into each well and mixed by
shaking at room temperature for 15 min. After
that, the absorption rate was measured at 490
nm using a spectrophotometer [12].

Wound healing and transwell invasion assay

HCT116 cells was seeded in six-well culture
dishes and cultured at 37°C to form a confluent
monolayer. After starvation in serum-free medi-
um for 24 h, a wound was made by scratching
the monolayer with a 100 pl pipette tip. Then,
the wounded monolayer was washed to remove
cell debris with PBS and incubated with fresh
normal medium. After scratching, the area of
cell-free scratch was photographed at O h and
24 h. The wound healing effect was assayed by
accounting the number of migrated HCT116
cells [13]. Invasion of HCT116 cells was mea-
sured in Matrigel (BD, Catalog #356234) coat-
ed Transwell inserts containing polycarbonate
filters with 8-uym pores as detailed previously.
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The inserts were coated with 50 ul of 1 mg/mi
Matrigel matrix according to the manufactur-
er's recommendations. 2x10°% HCT116 cells in
200 pl of serum-free medium were plated in
the upper chamber, whereas 600 pl of medium
with 10% fatal bovine serum were added to
lower well. After 6 h incubation, cells that
migrated to the lower surface of the membrane
were fixed and stained with 1% crystal violet.
For each membrane from each group, five ran-
dom fields were choose and counted cells inva-
sion number [14].

Colony formation assay

Soft agar colony-formation assays were per-
formed as previously described with minor
modifications. HCT116 (1x10%) cells in 1.5 ml of
DMEM medium were mixed with 1 ml of 0.1%
agarose in warmed growth medium containing
vehicle (0.1% DMSO) and layered on 1% base
agar in 60-mm cell culture dishes. DMEM medi-
um was added every week for 21 days until
large colonies were evident. Cells were stained
with crystal violet for colony counting [15].

Tube formation assay

The tube formation assay was performed using
12-well plate coated with 100 pl Matrigel base-
ment membrane matrix (BD, Catalog #356234)
per well and polymerized at 37°C for 30 min.
HUVECs suspended in condition medium from
HCT116-shZEB2 or HCT116-ZEB2 cells were
plated on the Matrigel at a density of 2x10°
cells/well. After 24 h, The Matrigel-induced
morphological changes were photographed
and the extent of capillary tube formation was
evaluated by measuring the total tube length
per field [16].

Chick chorioallantoic membrane assay

Fertilized white leghorn chicken embryos were
incubated for 3 days at 37°C and 70% humidi-
ty. Asmall hole was made over the air sac at the
end of the egg, and a second hole was made
directly over the embryonic CAM. After 10 d,
supernatant from indicated HCT116 cells or
control cells were dropped onto the CAM to
form a plug. After 48 h, CAMs were fixed with
PBS solution/3.7% paraformaldehyde for 10
min at room temperature, and images were
taken with a Nikon digital color camera [17].
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Western blotting

Total protein were extracted from HCT116 cells
and determined by the Bradford method. 20 ug
of lysis were separated by reducing SDS-PAGE
and separated proteins were then electronical-
ly blotted onto polyvinylidenedifluoride (PVDF)
membranes (Millipore, MA). The membranes
were then blocked with 5% skim milk and incu-
bated with anti-ZEB2 antibody (1:1000; Santa
Cruz Biotechnology, Catalog #sc-271984), anti-
MMP-2 (1:1000; Santa Cruz Biotechnology,
Catalog #sc-13594), anti-MMP-9 (1:1000; Sa-
nta Cruz Biotechnology, Catalog #sc-21733),
anti-VEGF-A (1:1000; Santa Cruz Biotechno-
logy, Catalog #sc-152), anti-GAPDH antibody
(1:1000; Santa Cruz Biotechnology, Catalog
#sc-293335) or anti-B-tublin antibody (1:1000;
Santa Cruz Biotechnology, Catalog #sc-73242).
Then, blots were washed and probed with
respective secondary peroxidase-conjugated
antibodies, and the bands visualized by chemo-
luminescence (Millipore).

Quantative real-time PCR

Total RNA was extracted from indicated HCT116
cells or colon cancer samples using TRIzol
reagent (Invitrogen) and we synthesized cDNA
was using SuperScript Il Reverse Transcriptase
(Invitrogen). Quantitative PCR was performed
using an ABI Prism 7900HT Sequence detec-
tion system (Applied Biosystems, Foster City,
CA, USA). Gene’s amplification was performed
using the following primers: ZEB2: forward,
5-CAAGAGGCGCAAACAAGCC-3’; and reverse,
5-GGTTGGCAATACCGTCATCC-3". MMP-2: forw-
ard, 5-GGCTCATGCCTTCGCCCCAG-3’; and re-
verse, 5-ACTCCCCATCGGCGTTCCCA-3". MMP-
9: forward, 5-TGACAGCGACAAGAAGTG-3’; and
reverse, 5-CAGTGAAGCGGTACATAGG-3’. GAP-
DH: forward, 5-CATCAAGAAGGTGGTGAAGCAG-
3, and reverse, 5-CGTCAAAGGTGGAGGAGT-
GG-3'. Samples were run in triplicates, and the
samples were normalized to the internal con-
trol gene (GAPDH) using the comparative Ct
method (*2Ct).

In vivo tumor metastasis

Nude mice were purchased from the Shanghai
Slac Laboratory Animal Co. Ltd and maintained
in microisolator cages (The number of the using
of laboratory animal is SCXK (Hu) 2012-0002).
This study was approved by the Animal Ethical
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and Welfare Committee of Sun Yat-sen Uni-
versity (approval number |IACUC-DB-16-0216,
Guangzhou, China). For metastasis assays,
cells were re-suspended in PBS at a concentra-
tion of 1x107 cells ml. Cell suspension (0.1 ml)
was injected into tail veins of nude mice. All of
the mice were killed by CO, 14 days after inocu-
lation [18].

Xenograft models and immunohistochemistry
detections

This study was approved by the Animal Ethical
and Welfare Committee of Sun Yat-sen Uni-
versity (approval number |IACUC-DB-16-0216,
Guangzhou, China). 3x10°% HCT116 cells were
subcutaneously implanted into female, BALB/c
nude mice to build colon cancer xenograft.
Mice with appropriate size of tumors were divid-
ed randomly into two groups and tumor volume
and mice body weight were measured every 3
days. Tumor volume was calculated as mm?3 =
0.5% length (mm) width (mm)2. After sacrificing
mice on day 25, formalin-fixed paraffin-embed-
ded tumor sections were stained with specific
antibodies including CD31 and Ki67. Ki67 posi-
tive cells were counted in five random high-
power fields per section and were reported as a
percentage of positive cells in each cellular
compartment [19]. Mean integrated optical
density (mean 10D) of blood vessels accords to
the following formula: mean 10D = I0OD/area of
the tumor section [20]. All animal experiments
were carried out in compliance with the Ethical
Guidelines for the Sun Yat-sen University.

Statistical analysis

Data was described as the mean + SD. Com-
parisons between different groups were under-
taken using the Student’s two-tailed t-test or
ANOVA test. The statistical significance of the
differences between mean values was deter-
mined by P < 0.05. Statistical analysis was
done with GraphPad Prism 5.

Results

ZEB2 expression was increased in human co-
lon cancer samples and correlated with tumor
prognosis

A total of 17 colorectal cancer samples and 17

normal samples were analyzed in GSE32323.
The series from each chip was analyzed sepa-
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Figure 1. ZEB2 is significantly up-regulated in human colon cancer tissues and cells. A. Increased ZEB2 expression
was shown in colorectal cancer by microarray data analysis of GSE32323 data set retrieved from the GEO data-
base. B. Violin plot summarized ZEB2 expression in the colorectal cancer tissue versus normal tissue according to
the heatmap. C. Expression of ZEB2 mRNA was increased in 126 cases of colorectal carcinoma tissues compared
with normal tissues by real-time PCR. D. Immunohistochemical staining of ZEB2 in colorectal cancer tissues and
matched normal tissues (Scale bar: 100 uM). E. Survival curve for 126 colorectal cancer patients according to
ZEB2 protein expression status. High expression of ZEB2 protein was closely correlated with inferior overall survival
(OS). F. Western blotting analysis of the levels of ZEB2 in various colon cancer cell lines. Tubulin was used as load-
ing control. G. gRT-PCR analysis of ZEB2 mRNA levels in colonic epithelial cells HCoEpiC and various colon cancer
cell lines. PCR values were normalized to the levels of GAPDH. Data are presented as the mean + SD from three
independent measurements.

rately using limma software and finally the list We further detected the expression levels of
of differentially expressed genes was created. ZEB2 protein in paraffin-embedded colorectal
Because of the heterogeneity of gene expres- cancer samples and non-cancerous samples
sion within and among cancer samples and using immunohistochemical (IHC) staining
datasets, we used a threshold (P-value < 0.01, (Figure 1D), and observed that ZEB2 protein
Fold change > 2) for differential analysis and was overexpressed in colorectal cancer sam-
screened out the expression genes. As shown ples. Moreover, the Kaplan-Meier analysis
in Figure 1A and 1B, we observed that ZEB2 (Figure 1E) demonstrated that the overall sur-
was one of the most upregulated genes in colon vival was significantly impaired in patients with
cancer tissues. Next, we performed real-time a high level of ZEB2 protein as compared to
reverse transcriptase polymerase chain reac- patients with a low level of ZEB2 protein in the
tion (QRT-PCR) to assess ZEB2 expression in tumors (P = 0.002) (Supplementary Table 1).
126 samples of colorectal cancer and matched The association between cancer progression
normal tissues. A similar result that ZEB2 was and ZEB2 overexpression was also confirmed
significantly overexpressed in several colorec- in a panel of colon cancer cell lines (Figure 1F).
tal cancer samples as compared to correspond- ZEB2 was expressed at relatively high levels in
ing normal tissues was obtained (Figure 1C). the colon cancer cell lines (HCT116, SW480,
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Figure 2. Knock-down of ZEB2 repressed the metastasis capacity of HCT116 cells. A. MTT assay analysis of cell
proliferation in HCT116-shZEB2 and control cells at 24, 48, 72 and 96 hours, respectively (*P < 0.01). B. Rep-
resentative micro-graphs of the colonies formed by indicated HCT116 cells (left panel). Histograms reported the
mean + SD of the colonies formed by indicated cells. C. ZEB2-shRNA and control-shRNA transfected HCT116 cells
were wounded with pipette and wound closure percentage was quantified 24 h after scratch relative to that at O
h. *P < 0.05 compared to the control cells. Scale bar represents 100 um. D. HCT116 cells transfected with ZEB2
shRNA or control shRNA were seeded in the upper chamber. After 24 h, the cells invaded through the membrane
were stained and counted in five random microscopic fields (Scale bar: 50 uM). Representative a histogram of the
quantification of invasion number was shown. E. Expression levels of EMT related proteins were investigated by
immunoblotting. GAPDH was used as a loading control. *P < 0.05, **P < 0.01 compared between control-shRNA
transfected HCT116 cells and ZEB2-shRNA cells; Data were presented as the mean + SD from three independent
measurements.
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LOVO, HT29), but was markedly reduced in
healthy human colonic epithelial cell line
(HCoEpiC). This reduction was partially due to a
decrease in the ZEB2 mRNA levels as shown by
gRT-PCR (Figure 1G).

Down-regulation of ZEBZ2 inhibits colorectal
cancer cell growth and metastasis

To ascertain the precise biological role of ZEB2
upregulation in colorectal carcinoma, we
silenced ZEB2 expression in colon cancer
HCT116 cells with an shRNA-incorporated plas-
mid targeting a specific site of human ZEB2
MRNA (Supplementary Figure 1A and 1B). We
found that downregulation of ZEB2 in HCT116
cells markedly decreased the growth rate
(Figure 2A) and abrogated the anchorage-inde-
pendent growth ability (Figure 2B). To investi-
gate if functional loss of ZEB2 affected cell
migration and invasion, transfected cells were
then subjected to wound healing and Transwell
invasion assays. Disruption of ZEB2 expression
significantly reduced HCT116 cell migration,
and wound area recovery by the migration of
HCT116-shZEB2 cells was not distinct from
that by migration of scrambled shRNA-trans-
fected cells (Figure 2C). Consistently, less
HCT116-shZEB2 cells migrated across the
membrane of the Transwell chamber than the
wild type cells did (Figure 2D). Matrix metallo-
proteinases (MMP), which are capable of de-
grading various structural components of the
extracellular matrix (ECM), play a critical role in
tumor invasion and metastasis. The effect of
ZEB2 downregulation on the expression of
MMP-2/9 was assessed by qPCR. As expected,
MMP-2/9 expression was significantly down-
regulated at the mRNA level after ZEB2 down-
regulation (Supplementary Figure 1C). Con-
sistent with this result, the activity of MMP-2/9
was also markedly decreased with the down-
regulationof ZEB2 (Supplementary Figure 1D).
As invasive potential and aggressiveness of
colorectal cancer cells were increased, we next
investigated the role of ZEB2 in EMT of HCT116
cells. Immunoblot analysis revealed that
HCT116-shZEB2 cells showed low expression
levels of mesenchymal markers N-cadherin,
vimentin, and Twist, and increased expression
level of the epithelial marker E-cadherin as
compared with those inthe control cells (Figure
2E). Collectively, these results suggest that

2844

ZEB2 promotes growth and migration of
colorectal cancer cells in vitro.

Confirmation of the role of ZEB2 in colon
cancer cell growth and metastasis by gene
overexpression

To further confirm the role of ZEB2 in colon car-
cinoma growth and metastasis, ZEB2 was
cloned into pcDNA vector and transfected into
HCT116 cells. The transfection efficiency was
confirmed by western blotting using ZEB2 anti-
body, and qRT-PCR (Supplementary Figure 2A
and 2B). MTT assays were performed on
HCT116-ZEB2 and control cells. The results
showed an increase in the proliferation rate of
HCT116-ZEB2 cells compared to that of the
control cells at 24, 48, 72, and 96 h (Figure
3A). Ectopic expression of ZEB2 in HCT116
cells also markedly augmented the anchorage-
independent growth ability (Figure 3B). The
migration of ZEB2-overexpressed cells was
then examined by wound healing and Transwell
assays. As shown in Figure 3C, the wound gaps
of cells, which were stably expressing ZEB2
gene, healed faster than that of the control
cells did. In accordance with this result, more
ZEB2-overexpressed HCT116 cells migrated
across the membrane (Figure 3D). To deter-
mine if ZEB2 overexpression affected the tran-
scription level of MMP-2/9, the effect of ZEB2
overexpression on the expression of MMP-9
was assessed by qPCR. As expected, the
MmRNA expression of MMP-9 was significantly
upregulated after ZEB2 overexpression (Supp-
lementary Figure 2C). Consistent with the
qPCR result, the activity of MMP-2/9 was also
markedly increased with ZEB2 overexpression
(Supplementary Figure 2D). Next, the expres-
sion of EMT markers following ZEB2 overex-
pression was examined. The results of western
blot analysis revealed that expression of the
epithelial biomarker, E-cadherin, decreased,
whereas that of the mesenchymal markers
increased in HCT116-ZEB2 cells (Figure 3E).
Collectively, these results suggest that ZEB2
promotes migration of melanoma cells.

ZEB2 regulates colorectal cancer cell induced
angiogenesis

Angiogenesis supplies nutrients for tumor
growth and provides the principal route to
tumor metastasis. To further investigate the

Am J Transl Res 2017;9(6):2838-2851
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Figure 3. ZEB2 overexpression increases HCT116 cells growth and metastasis. A. MTT assay analysis of cell prolifer-
ation in HCT116-ZEB2 and control cells (*P < 0.01). B. Tumor sphere forming ability of HCT116 cells following ZEB2
over-expression. The number of colonies was quantified and shown in the graph right. C. Wound-healing migration
assay wad performed with HCT116 cells that transfected with ZEB2 or control vector. Scale bar represents 100 um.
D. Representative images showed that HCT116 cells with high ZEB2 expression exhibit stronger invasive abilities in
Matrigel coated Transwell assays. Scale bar represents 50 um. E. Inmunoblots showed the effect of ZEB2 knock-in
on N-cadherin, vimentin, Twist and E-cadherin protein in HCT116 cells. *P < 0.05, **P < 0.01 compared between

control cells (Vector) and HCT116-ZEB2 cells; Data were presented as the mean = SD from three independent
measurements.

role of ZEB2 in tumor angiogenesis, the culture HCT116 cells and control cells were collected.
supernatants derived from ZEB2-depleted The human umbilical vein endothelial cells
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Figure 4. Effect of ZEB2 silencing or over-expression on tumor angiogenesis. A. Tubee formation was analyzed after
HUVECs were cultured with conditioned medium from HCT116 cells transfected with shZEB2 or control. The quanti-
fication of the tube length was done by Image Pro Plus software and was presented in the histogram right. Scale bar
represents 50 um. B. Representative images of the CAM blood vessels stimulated with conditioned medium from
ZEB2-depleted HCT116 cells or control cells. C. Western blotting with anti-VEGF-A antibody of cell lysates from the
indicated HCT116 cells. D. Levels of VEGF-A in the medium conditioned from the indicated cells and harvested at
24 h. Each bar represents the mean * SD of three independent experiments. **P < 0.01. E. Representative images
(left panel) and quantification (right panel) of HUVECs cultured on matrigel-coated plates with conditioned medium
from ZEB2-transfected HCT116 cells or control cells. Scale bar represents 50 um. F. Representative images of the
CAM blood vessels stimulated with conditioned medium from indicated HCT116 cells. G. Western blotting analysis
of ZEB2 levels in HCT116 control and HCT116-ZEB2 cells. H. Levels of VEGF-A in the medium conditioned from the
indicated cells and harvested at 24 h. Each bar represents the mean + SD of three independent experiments. **P
< 0.01.

(HUVECs) were treated with the culture super-
natants for assessing tube formation and
microvessel formation assays in chick embryo
chorioallantoic membrane (CAM). In tube for-
mation assay, the cumulative number of tubu-
lar structures formed by HUVECs treated with
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the culture supernatants were significantly
decreased (Figure 4A). After incubation with
the culture medium from shRNA-transfected
HCT116 cells, microvessel sprouting in CAM
was significantly inhibited (Figure 4B). VEGF-A
is one of the most well-known potent pro-angio-
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shZEB2 § ol T " _ protein expression (Figure 4G)
0 5 10 15 20 25 30 and secretion in the medium
Drug administration days (Figure 4H). Collectively, these
results illustrated that ZEB2
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80,0, B ShZEB2 116-induced tumor angiogen-
esis in vitro.
g 60.0
i wo ZEB2 contributes to the
g 200 growth and metastasis of
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0.0
| sncontrol To further investigate the role
o of ZEB2 in the metastasis of
- S HCT116 cells in vivo, an ex-
§2=-° perimental metastasis assay
f::: was performed. HCT116 cells
3 100 . transfected with ZEB2 shRNA
g e or control shRNA were inject-

Figure 5. The effects of ZEB2 on growth and metastasis of HCT116 cells in
vivo. A. Representative images of histologic inspection of a mouse lung for
the presence of microscopic lesions twelve weeks after tail vein injection
with HCT116 cells (left). Quantification of lung microscopic nodules in the
lungs of each group was shown (right). Scale bar represents 100 um. B.
As a subcutaneous tumor model, BALB/c nude mice were injected subcuta-
neously with HCT116 cells and followed by the determination of the tumor
volume. Scale bar represents 1 cm. C. Mice bearing HCT116 tumor xeno-
graft were sacrificed at the end of the experiment, and tumor tissues were
removed for future immunohistochemistry analysis with anti-Ki67 and anti-
CD31 antibodies. The data were presented as the mean + SD. *P < 0.05,

**P < 0.01 vs. sh Control group.

genic peptides, and modulation of this peptide
will likely have a significant consequence on
angiogenesis. On treatment of ZEB2 shRNA
transfected-HCT116 cells in vitro, ZEB2 down-
regulation resulted in lower levels of VEGF-A
protein expression (Figure 4C) and secretion in
conditioned medium (Figure 4D) than that in
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ed into the lateral tail vein of
nude mice. After 2 weeks po-
st inoculation, animals were
sacrificed and all the major
organs were examined for the
presence of tumor metasta-
sis. Tumor metastasis was
mainly observed in the lungs
as previously reported. The
results revealed that adminis-
tration of HCT116 control
cells resulted in the formation
of numerous lung colonies,
whereas silencing of ZEB2 significantly sup-
pressed pulmonary metastasis and generated
only a few lung colonies (Figure 5A). In con-
trast, more metastatic tumors were detected
in mice injected HCT116-ZEB2 cells compar-
ed to those injected with control cells (Figure
6A). These results implied that ZEB2 silencing
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Figure 6. Over-expression of ZEB2 contributes to HCT116 cells growth and
metastasis in vivo. A. Metastatic lesions in the lungs of the mice which in-
jected with HCT116-ZEB2 cells or control cells via tail vein (left). The total
numbers of lung metastatic lesions in the ZEB2 transfection groups were
much higher than those in controls (right). Scale bar represents 100 um.
B. The tumor growth was significantly promoted in mice subcutaneously in-
oculation with HCT116-ZEB2 cells versus control. Representative images of
tumor-bearing mice (left) and tumor volumes were measured on the indi-
cated days (right). Scale bar represents 1 cm. C. Mice bearing HCT116 tumor
xenograft were sacrificed at the end of the experiment, and tumor tissues
were removed for immunohistochemistry analysis with anti-Ki67 and anti-
CD31 antibodies. Immunohistochemistry staining demonstrated the expres-
sion of Ki67 and CD31 positive cells in the indicated tissues. The data were
presented as the mean + SD. *P < 0.05, **P < 0.01 vs. vector group.

indeed perturbed the metastasis of HCT116
cells not only in vitro, but also in vivo.
Considering our findings that ZEB2 depletion
causes the loss of proliferation and tumor
sphere forming ability of HCT116 cells, the in
vivo relevance of ZEB2 in colon cancer was

migration,
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addressed. Tumor growth af-
ter implantation of ZEB2-de-
pleted or control cells into mi-
ce was monitored over 25-day
duration. Over this period,
ZEB2 inhibition significantly
impaired the growth of xe-
nografts (Figure 5B). Conver-
sely, tumors formed by ZEB2-
overexpressing HCT116 cells
were largerthan those form-
ed by control cells (Figure
6B). IHC analysis revealed
that ZEB2-silenced tumors
displayed lower Ki67 prolifer-
ation index and microvascular
density (MVD) (Figure 5C),
whereas ZEB2-overexpressing
tumors showed increased
percentage of Ki67-positive
cells and higher MVD (Figure
6C). Taken together, our find-
ing indicates that ZEB2 con-
tributes to colon growth and
angiogenesis in vivo.

Discussion

To advance the human colo-
rectal cancer treatment, it is
necessary to identify candi-
date genes inducing tumor
metastasis and to functionally
validate their biological signifi-
cance as well as the molecu-
lar mechanisms underlying
metastasis [21]. In the pres-
ent study, we found that ZEB2
expression was higher in co-
lon cancer tissues than in
non-tumor tissues, and it pos-
itively correlated with infiltra-
tion depth, lymph node and
distant metastases, and adv-
anced tumor-node-metasta-
sis (TNM) stages of colon can-
cer. This finding is consistent
with ZEB2 expression in colo-

rectal cancer cell lines, which is higher than
that in a normal cell line. Functional studies
identified that ZEB2 is necessary for colon cell
proliferation and colony formation, as well as
invasion, and tumor cell-induced
angiogenesis. Thus, our study provides the
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mechanistic basis for targeting ZEB2 in pati-
ents with metastatic colon cancer.

ZEB2 has been predicted to play a role in cell
adhesion and migration due to its leucine-rich
repeats and tendency to bind to ECM proteins
[22]. A previous study showed that ZEB2 pro-
moted proliferation, migration, and invasion of
glioma cells, and downregulated E-cadherin
expression [23]. However, ZEB2 has been
reported to act as a tumor suppressor in hepa-
tocellular and endometrial carcinomas. The dis-
crepancy in ZEB2 function in certain cancers
may be due to its tissue specificity. Although
ZEB2 is implicated in various malignant carci-
nomas, the biological functions of ZEB2 in
colon cancer have not been fully elucidated
[24]. The role of the ZEB2 in human colon can-
cer is so far poorly known, and our study dem-
onstrates that ZEB2 functions as a potential
promoter of human colon cancer growth and
metastasis. To understand the role of ZEB2 in
colon cancer, we knocked down ZEB2 expres-
sion in colon cancer cell line, HCT116. We fur-
ther explored the role of ZEB2 in the growth of
colon cancer cells in vitro. Depletion of ZEB2
was associated with impaired proliferation and
tumor cell clone formation. Consistent with the
results of two other previous studies on human
cancers, the results of our study showed that
downregulation of ZEB2 significantly inhibited
colon cancer cell growth in nude mouse xeno-
grafts. ZEB2 positively regulated HCT116 cell
proliferation and colony formation ability, which
suggests that the downregulation of ZEB2 in-
hibits colorectal carcinoma progression. Mean-
while, our experiments demonstrated that kn-
ockdown of ZEB2 by shRNA significantly attenu-
ated the migratory and invasive potency of
colon cancer cells. Moreover, depletion of ZEB2
caused upregulation of E-cadherin epithelial
marker and downregulation of N-cadherin,
Twist, and Vimentin mesenchymal markers. In
contrast to ZEB2 downregulation, ZEB2 overex-
pression in HCT116 cells accelerated prolifera-
tive potential and colony formation in vitro. At
the molecular level, MMP-2 and MMP-9 are
associated with cell migration influencing can-
cer development and progression [25]. We
found that knockdown of ZEB2 expression sup-
pressed MMP-2 and MMP-9 expression, indi-
cating the biological significance of ZEB2 in
colon cancer progression. In contrast, ZEB2
overexpression was able to upregulate MMP-

2849

2/9 expression and activity in HCT116 cancer
cells, which is partially consistent with the
results of another previous study, which showed
that knockdown of ZEB2 reduces gastric can-
cer cell metastasis and MMP-2/9 downregula-
tion [26].

Angiogenesis is critical for growth and metasta-
sis of cancer cells to distant organs, and many
studies have demonstrated that angiogenesis
inhibitor provides significant therapeutic advan-
tages. Cytokines derived from the tumor micro-
environment could facilitate the activities of
endothelial cells and promote angiogenesis.
Here, we used the conditional medium from
HCT116 cells to determine the modulation of
endothelial cell tube formation, which is a criti-
cal indicator of angiogenic ability, and induc-
tion of vascular formation in chick embryo CAM
by ZEB2 expression. We found that endothelial
cells cultured in conditional medium from
knockdown HCT116 cells exhibited a decreas-
ed tube formation capacity and the number of
capillary blood vessels in CAM was also mark-
edly reduced. In contrast, overexpression of
ZEB2 in HCT116 cells promotes the endothelial
cell tube formation and angiogenesis in CAM.
These findings, together with previous studies,
showed that ZEB2 promotes angiogenesis,
which suggests that it might contribute to
tumor growth by regulating crucial molecules
involved in tumor vascularization. The fact that
angiogenesis is regulated by ZEB2 urged us to
evaluate the role of ZEB2 with respect to
VEGF-A, a well characterized molecule in tumor
angiogenesis, secretion, and expression. We
showed that ZEB2 positively influenced VEGF
secretion and expression in HCT116 cancer
cells.

The biological effects of ZEB2 overexpression
on colon cancer progression were examined
using a tumor xenograft model. Tumors formed
by ZEB2-overexpressing HCT116 cells were
larger in size than tumors formed by the con-
trol cells. IHC analysis revealed that ZEB2-
overexpressing tumors showed increased per-
centage of Ki67-positive cells and higher MVD,
whereas tumors formed by ZEB2-silenced
HCT116 cells were smaller and ZEB2 silenced
tumors displayed lower Ki67 proliferation index
and MVD. Taken together, our findings indicate
that ZEB2 contributes to colon cancer growth
and angiogenesis in vivo. In our metastatic
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model system, ZEB2 was identified as the pro-
moter gene in HCT116 cell metastasis in vivo.
Lung metastasis was apparent, and contrast-
ingly a few metastatic tumors were detected in
mice administered with HCT116-ZEB2 cells.
Briefly, our results indicate that decreased
ZEB2 expression inhibits HCT116 cell metas-
tasis in vivo. In this study, we provided evid-
ence for the first time that ZEB2 expression is
closely associated with the clinico-pathological
parameters of colon cancer, and ZEB2 pro-
motes colon cancer cell growth, metastasis,
and angiogenesis. These findings would facili-
tate the development of new drugs targeting-
ZEB2 for anti-cancer therapy.
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Supplementary materials

MMP-2/9 activity assay

The activity of MMP-2/9 was determined by QuickZyme Mouse MMP-2/9 activity assay (QucikZyme
BioSciences, Netherlands) according to the manufacturer’s instructions. Briefly, after transfection for
24 h, HCT116 cells were washed with fresh medium and replaced with serum-free medium. After addi-
tional 24 h, the medium was collected and centrifuged at 10000 g for 10 min. Respective supernatant
was added to the 96-well strip coated with MMP-2/9 antibody and incubated at 4°C overnight. After
washing with wash buffer for 4 times, 50 pl assay buffer was added into the well, followed by adding 50
ul detection reagent. After incubation at 37°C for 1 h, OD405 was measured with Tecan (Mannedorf,
Switzerland).

Supplementary Table 1. Association of ZEB2 expression
with clinic-pathological factors from colon cancer patients

ZEB2 expression

Clinicopathological variables N score (mean + SD) P-value
Age (years)
<60 57 5.63 + 3.53 0.512
>60 69 412 +3.15
Tumor differentiation
Well 52 4,19 + 2.86 0.304
Moderate 49 478 +1.95
Poor 25 5.02 £2.03
Infiltration depth
T +T, 54 4.89+1.14 0.003
T,+T, 72 492 +2.65
Lymph node metastasis
N, 66 3.96 +2.47 <0.001
N, , 60 5.47 +2.12
Distant metastasis
M, 84 469 +2.18 0.002
M, 42 554+24
TNM stage
| 11 223 +2.52 <0.001
Il 37 6.01 + 3.33
11 55 5.18 £ 2.96
\% 23 6.47 + 3.40
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Supplementary Figure 1. A. RT-PCR analysis of the ZEB2 RNA level in HCT116 cells that were stably transfected
with ZEB2 shRNA or the vector control. B. HCT116 cells were stably transfected with ZEB2 shRNA or the vector
control. Western blot analysis of ZEB2 expression in the indicated cells was performed and a-Tubulin was used as
an internal control. C. Real-time PCR was carried out to evaluate the mRNA expression level of MMP-2/9 in ZEB2
down-expression and control cells. D. Activity of MMP-2/9 in control and ZEB2 knock-down cells was determined by
MMPs activity assay.
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Supplementary Figure 2. A. gRT-PCR analysis of HOXDO levels in the established cell lines. B. Western blot analysis
of HOXD9 levels in the established cell lines. C. Real-time PCR was carried out to evaluate the mRNA expression
level of MMP-2/9 in ZEB2 over-expression and control cells. D. Activity of MMP-2/9 in control and ZEB2 knock-in
cells was determined by MMPs activity assay.



