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to mesenchymal transition in colorectal cancer cells
via suppress Slug expression
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Abstract The role of ANGPTL1 in cancer develop-

ment is still little known, especially in colorectal

cancer (CRC). We investigated the clinical signifi-

cance of ANGPTL1 expression in CRC tissues and its

potential role in the progression of epithelial to

mesenchymal transition (EMT) in CRC cells, which

has not been reported to our knowledge. ANGPTL1

expression in CRC tissues was much lower that than in

paired adjacent normal tissues by IHC, WB and qRT-

PCR assays. ANGPTL1 positive expression was

negatively associated with tumor size (P = 0.034), T

stage (P = 0.015), lymph nodes metastasis

(P = 0.045) and TNM stage (P = 0.009) and poor

prognosis of CRC patients (P = 0.003). In vitro,

ANGPTL1 showed decreasing expression in CRC

cell lines from primary tumor to ascites metastasis.

Meanwhile, ANGPTL1 silencing enhanced EMT in

HCT116 cells followed with the increase of Slug,

Fibronectin and Vimentin, the decrease of E-cad, and

the enhancement of EMT-like cell morphology and

cell invasion and migration. Low ANGPTL1 expres-

sion is closely associated with multiple clinical

significance and prognosis of CRC patients.

ANGPTL1 inhibits EMT of CRC cells via inhibiting

E-cad suppressor Slug expression.

Keywords Angiopoietin-like protein 1 � Epithelial
to mesenchymal transition � Colorectal cancer � Slug

Introduction

From 2000 to 2011, colorectal cancer (CRC) takes up

the third upward trend of age-standardized mortality

rates in the population of China (Chen et al. 2016). In

the United States, CRC remains the second leading

cause of cancer death. More than 50% of CRC patients

will develop liver metastases during their lifespan

(Misiakos et al. 2011). Strong local invasion and

distant metastasis is the most important contributor to

the mortality of patients with colorectal cancer (Vu

and Datta 2017). Epithelial to mesenchymal transition

(EMT) contributes to this rapid and aggressive tumor

progression. During EMT, CRC loses their epithelial

characteristics and gains more invasive and migratory

properties of mesenchymal cells, along with the loss of

epithelial marker, gain of mesenchymal markers, and

finally exerting a promoting effect on tumor invasion

and metastasis (Bhangu et al. 2012). Thus, detecting

EMT target genes is significant for inhibiting the

malignant biology of CRC.

Angiopoietin-like protein 1 (ANGPTL1), a mem-

ber of the angiopoietin-related protein family,
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participates in multiple biological processes, such as

angiogenesis (Hato et al. 2008), hematopoietic stem

cell expansion (Zhang et al. 2006), lipid metabolism

(Oike et al. 2005; Kersten 2005) and inflammation

(Tabata et al. 2009). The role of ANGPTL1 in cancer

is still little known. Recently, growing evidence shows

that ALTPL1 plays a significant role in the progression

of various cancers, such as hepatocellular carcinoma

(HCC) (Chen et al. 2016), malignant melanoma

(Gardizi et al. 2012), lung (Kuo et al. 2013), prostate,

kidney, thyroid, and urinary bladder cancers (Dhan-

abal et al. 2002). However, the clinical significance of

ANGPTL1 expression in CRC tissues and its potential

role in the progression of EMT in CRC cells has not

been reported to our knowledge, which is investigated

in the current study.

Materials and methods

Tissue samples

This study was approved by the institutional review

board of the Fourth People’s Hospital of Shenyang and

a consent form was signed by each participating

patient. One hundred and twenty-nine formalin-fixed

and paraffin-embedded CRC and corresponding nor-

mal tissues were obtained from CRC patients in Fourth

People’s Hospital of Shenyang between 2011 and

2016. All data were confirmed by pathological diag-

nosis. The histologically normal tissues were at least

5 cm away from the cancer. Additionally, we ran-

domly selected 18 cases of CRC fresh tissues for late

Western blot (WB) and Real-time quantitative PCR

(qRT-PCR) assays.

Cell lines and culture

CoLo205, SW620 and HCT116 cell lines of human

CRC were purchased from the Cell Bank of the

Chinese Academy of Sciences (Shanghai, China).

These cell lines were maintained in the recommended

growth media with 10% fetal calf serum (Hyclone,

Logan, UT, USA).

Immunohistochemistry assays

Immunohistochemistry (IHC) was performed as

described previously (Sheng et al. 2014). Briefly,

4-lm sections were deparaffinized with xylene three

times, dehydrated three times in a gradient series of

ethanol (100, 95, and 75%), and rinsed with PBS. Each

section was covered with 0.3% peroxyacetic acid for

20 min to block endogenous peroxidase activity,

subjected to high pressure for antigen retrieval

(1 min), and cooled at room temperature for 2 h.

Non-specific binding sites were blocked with 10%

normal goat serum for half an hour. Sections were first

incubated with rabbit polyclonal anti-

ANGPTL1(Santa Cruz, CA, USA, sc-271841) over-

night at 4 �C, and then rinsed twice with PBS. This

was followed by incubation with a secondary antibody

for 20 min at room temperature, and two more rinses

with PBS. Slides were then treated with streptavidin–

peroxidase reagent at room temperature for 15 min,

and rinsed twice with PBS. The sections were

visualized with 3,30-diaminobenzidine (DAB) for

5 min, counterstained with haematoxylin, and

mounted for microscopy. Staining intensity was

scored as 0 (negative), 1 (weak), 2 (medium), and 3

(strong). Extent of staining was scored as 0 (\ 5%), 1

(5–25%), 2 (26–50%), 3 (51–75%), and 4 (76–100%)

according to the percentages of the positive staining

areas in relation to the whole carcinoma area. The sum

of the intensity and extent score was used as the final

staining scores (0–7). Tumors having a final staining

score C 2 were considered to be ANGPTL1 positive

expression.

Western blot

WB was performed as described previously (Liu et al.

2015), whole-cell lysates were prepared from CRC

cells and tissues. Samples were loaded onto 10% SDS-

polyacrylamide gels, transferred to PVDF membranes

(Millipore Corp, Bedford, MA, USA) and incubated

with primary ANGPTL1 (Santa Cruz), Slug (Protein-

tech, Chicago, IL, USA, 12129-1-AP), Snail (Protein-

tech, 13099-1-AP), Twist (Abcam, Cambridge, UK,

25465-1-AP), E-cadherin (E-cad, Santa Cruz, sc-

7870), Fibronectin (Proteintech, 66042-1-Ig) and

Vimentin (Proteintech, 10366-1-AP), MMP9 (Protein-

tech, 10375-2-AP), N-cadherin (N-cad, Abcam,

ab98952) and a-Smooth muscle actin (a-SMA,

Proteintech, 55135-1-AP) antibodies overnight at

4 �C. Membranes were incubated with horseradish

peroxidase-conjugated secondary antibodies (Protein-

tech) for 1 h at room temperature. Immunoreactive
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protein bands were visualized with an ECL detection

kit (Thermo Fisher Scientific Inc, Waltham, MA,

USA). Each experiment was repeated three times.

Real-time quantitative PC

qRT-PCR was performed as described previously (Liu

et al. 2015), ANGPTL1 mRNA from CRC cells and

tissues was analyzed in a Light Cycler 2.0 with the

Light Cycler kit (Applied Biosystems, Foster City,

CA, USA). The conditions were as follows: 95 �C for

30 s and 45 cycles of 95oC for 5 s and 60 �C for 30 s.

The primers were as follows: ALTPL1, 50-GGGCAA
GATGCAAGTACCAT-30 (sense) and 50-GACA
CATGGGTGTCTTGTCG-30 (antisense); GADPH,

50-CATGAGAAGTATGACAACAGCCT-30 (sense)

and 50-AGTCCTTCCACGATACCAAAGT-30 (an-

tisense). Quality of the PCR products was monitored

with post-PCR melt-curve analysis. The expression

level was calculated using the 2-DDCt method.

RNA interference

Three effective sequences for ANGPTL1 interference

were: sense: 50-GCAUUCGGUCAGUGGGAUUTT
-30; antisense: 50-AAUCCCACUGACCGAAUGCTT
-30; sense: 50-GGAGAUAGAUGUUCUGCAATT-30;
antisense: 50-UUGCAGAACAUCUAUCUCCTT-30

sense: 50-CCAGGUUAUCCCAGAGAUUTT-30; anti-
sense: 50-AAUCUCUGGGAUAACCUGGTT-30. We

just choose the first sequence used in vitro as a

representative. The sequences for the siRNA control

used were: sense: 50-UUCUCCGAACGUGUCAC
GUTT-30; antisense: 50-ACGUGACACGUUCGGA
GAATT-30. The above sequences were synthesized by

GenePharma company (GenePharma Co, Ltd, Shang-

hai, China). siRNA transfections (20 lM) were mixed

with Oligofectamine 3000 (Invitrogen, Carlsbad, CA,

USA) for transfection as described by themanufacturer.

EMT construction

ANGPTL1siRNA and siRNAcontrol transfected

HCT116 cells were cultured with growth media

containing only 1% fetal calf serum (FBS) for four

days. During this period, treated cells were repeatedly

cultured with 1% FBS media twice. Observating the

change of EMT-like cell morphology, the expression

of EMT related markers and ability in cell invasion

and migration were used for detecting the EMT

formation.

Cell invasion assays

Cell invasion was assessed with modified Boyden

chamber (BD Biosciences, Sparks, MD, USA) assays.

Briefly, ANGPTL1siRNA and siRNAcontrol trans-

fected HCT116 cells were seeded onto 8.0-lM pore

size membrane inserts coated with matrigel (BD

Biosciences) in 24 well plates with FBS-free growth

medium. 10% FBS was added to the bottom wells as a

chemoattractant. After 24 h, cells that did not migrate

were removed from the top side of the inserts with a

cotton swab. Cells that had migrated to the underside

of the inserts were stained with Crystal Violet Hydrate

(Sigma, St. Louis, MO, USA) according to the

manufacturer’s instructions. The migratory cells were

counted in five random fields per insert under a

microscope at 20 9 magnification. Results were

expressed as cells migrated per field.

Statistical analysis

Statistical analysis was performed using SPSS soft-

ware 13.0 (SPSS, Chicago, IL, USA). The differential

expression of ANGPTL1 in CRC tissues and paired

adjacent normal tissues by IHC and its clinicopatho-

logical significance with CRC patients were analyzed

by paired nonparametric test and Chi-squared, respec-

tively. The Kaplan–Meier method was used to

estimate survival, and differences were analyzed by

the log-rank test. The differential expression of

ANGPTL1 in CRC tissues and paired adjacent normal

tissues by WB and qRT-PCR was analyzed by paired

sample t test. WB, qRT-PCR and cell invasion and

migration assays in vitro were expressed as means ±

SE. The differences of parameters were compared

through independent sample t test. P\ 0.05 was

considered to be statistically significant.

Results

The clinicopathological significance

of ANGPTL1expression in CRC tissues

The location of ANGPTL1 in cytoplasm and nucleus

in CRC and paired adjacent tissues was considered for
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scoring (Fig. 1). IHC showed that ANGPTL1 was

positively expressed in 56 cases of 129 CRC samples,

which was much lower than its expression in paired

adjacent normal tissues (56/129, 43.4% vs 89/129,

68.2%, P\ 0.01).

Consistent with the IHC results, WB and qRT-PCR

also showed that the protein and mRNA levels of

ANGPTL1 in 18 cases of CRC tissues were much

lower than that in paired adjacent normal tissues

(t = 3.078, P = 0.007; t = 2.365, P = 0.030, respec-

tively) (Fig. 2).

Chi-squared showed that ANGPTL1 positive

expression was negatively associated with tumor size

(P = 0.034), T stage (P = 0.015), lymph nodes metas-

tasis (P = 0.045) and TNM stage (P = 0.009), respec-

tively, but had no relationship with age, gender, tumor

location, differentiation and distance metastasis of

CRC patients (P[ 0.05) (Table 1).

Additionally, CRC patients with ANGPTL1 posi-

tive expression (total average survival time

41.27 ± 0.88 months) had a significantly better over-

all survival compared with CRC patients with

ANGPTL1 negative expression (total average survival

time 32.5 ± 1.16 months) (log rank, v2 = 9.118,

P = 0.003) (Fig. 3).

The expression and interference effect

of ANGPTL1 in CRC cell lines

WB and qRT-PCR were used to detect the protein and

mRNA levels of ANGPTL1 in 3 CRC cell lines

derived from different sources (Fig. 4a, b). ANGPTL1

expression was high in HCT116 cells (derived from

primary CRC tissues), moderate in SW620 cells

(derived from lymph nodes metastasis) and low in

CoLo205 cells (derived from ascites metastasis). This

indicated that ANGPTL1 was negatively associated

with the various metastases of CRC cells.

HCT16 cells with high ANGPTL1 expression were

used for ANGPTL1 interference. WB showed that

ANGPTL1 protein expression in ANGPTL1siRNA

group was significant lower that than in siRNAcontrol

group, whatever transfected ANGPTL1siRNA for 2d

or 4d (Fig. 4c). The same results were also observed in

qRT-PCR assays (Fig. 4d). Culture duration after

Fig. 1 ANGPTL1 expression in one of 129 cases CRC and

paired adjacent normal tissues by IHC. ANGPTL1 was highly

expressed in normal pancreatic tissues with intensively brown

staining. Low ANGPTL1 expression was shown in CRC tissues

with weakly brown staining. The blue staining of cell nuclear

was routinely stained by hematoxylin. The size bar was inserted

into the bottom-right of figure with 9100 and 9200 magnifi-

cation, respectively
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Fig. 2 ANGPTL1 protein and mRNA levels in 18 cases of

CRC and paired normal tissues. aANGPTL1 protein expression
in 9 cases (randomly selected) of CRC and paired normal tissues

by WB. b ANGPTL1 relative mRNA expression in 18 cases of

CRC and paired normal tissues by qRT-PCR (N/C ratio). C:

CRC tissues; N: paired adjacent normal tissues. Bars indi-

cate ± SE. *P\ 0.05; **P\ 0.01 compared with the control

Table 1 The association of

ANGPTL1 expression with

clinical data

Parameters Cases ANGPTL1 v2 P

Negative Positive

Cases 129 73 56

Age (years)

B 65 80 43 37 0.691 0.406

[ 65 49 30 19

Gender

Female 61 31 30 1.568 0.210

Male 68 42 26

Tumor location

Colon 57 29 28 1.356 0.244

Rectum 72 44 28

Tumor size (cm)

\ 5 60 28 32 4.496 0.034

C 5 69 45 24

Differentiation

Moderate and poor 99 59 40 1.567 0.211

Well 30 14 16

T stage

T1 ? T2 27 8 18 7.518 0.006

T3 ? T4 102 64 38

Lymph nodes metastasis

N0 (negative) 84 41 43 5.593 0.015

N1 (positive) 45 32 13

TNM stage

I ? II 78 37 41 6.729 0.009

III ? IV 51 36 15

Distance metastasis

M0 (negative) 114 62 52 1.937 0.164

M1 (positive) 15 11 4
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transfection (4d) is enough for detecting the function

of ANGPTL1 silencing in EMT of CRC cells.

ANGPTL1 silencing enhanced EMT in CRC cells

HCT16 cells transfected with ANGPTL1siRNA and

siRNAcontrol were culture with growth medium

containing 1% FBS for 4d for late EMT detection.

WB, cell morphology and cell invasion/migration

were used to detect the effect of ANGPTL1 in EMT

formation in CRC cells (Figs. 5, 6, 7).

WB showed that ANGPTL1 silencing significantly

inhibited E-cad expression, but increased Slug,

Fibronectin and Vimentin protein levels. However,

Snail, Twist, MMP9, N-cad and a-SMA expression

showed no obvious differences between

ANGPTL1siRNA and siRNAcontrol groups.

Cell morphology observation showed that

ANGPTL1siRNA transfected HCT116 cells exhibited

EMT-like cell morphology compared with siRNA-

control group: most cells lost their epithelial charac-

teristics, and presented a spindle-shaped and

fibroblast-like morphology (Fig. 6).

Cell invasion and migration assays showed that cell

invasion and migration were significantly enhanced in

ANGPTL1siRNA group compared with siRNAcon-

trol group (Fig. 7).

All above results indicated that ANGPTL1 inhib-

ited the initiation of EMT in CRC cells.

Discussion

Recently, increasing studies focus on the role of

ANGPTL1 in the development of various cancers. For

example, ANGPTL1 interacts with integrin a1b1 to

suppress HCC angiogenesis and metastasis by inhibit-

ing JAK2/STAT3 signaling (Yan et al. 2017).

ANGPTL1 suppresses Slug to inhibit cell motility in

lung and breast cancer cells (Kuo et al. 2013). A

decreased ratio between serum levels of the antago-

nistic angiopoietins 1 and 2 indicates tumor progres-

sion of malignant melanoma (Gardizi et al. 2012).

However, the clinical significance of ANGPTL1

expression in CRC tissues and its potential role in

the progression of EMT in CRC cells has not been

reported to our knowledge. Our studies first show that

the decrease of ANGPTL1 expression in CRC tissues

is closely associated with multiple clinical characters

and poor prognosis in CRC patients. Meanwhile,

ANGPTL1 silencing induced EMT in CRC cells via

inhibiting the E-cad suppressor Slug.

ANGPTL1 was decreased in various cancers, such

as malignant melanoma and HCC. Our study also

showed that ANGPTL1 protein and mRNA expression

were significant lower in CRC tissues than that in

corresponding adjacent normal tissues. Meanwhile,

the positive expression of ANGPTL1 was negatively

associated with tumor size, T stage, lymph nodes

metastasis, TNM stage and poor prognosis of CRC

patients. The clinical significance of ANGPTL1

expression in cancers has only been reported in lung

and liver cancers to our knowledge. ANGPTL1 was

inversely correlated with stage, tumor status, lymph

node status, invasion, and poor prognosis of lung

cancer (Kuo et al. 2013), while high ANGPTL1

expression was negatively associated with tumor size,

clinical stage, vascular invasion, and poor prognosis of

patients with HCC (Yan et al. 2017). Taking together,

ANGPTL1 acts as a tumor suppressor in most cancer

tissues, which drove us to further investigate its

function in vitro.

We next found that ANGPTL1 showed decreasing

expression in CRC cell lines from primary tumor to

ascites metastasis, which drove us to investigate its

potential role in the cancer progression contributor

Fig. 3 The relationship of ANGPTL1 with the survival of 129

postoperative CRC patients in Kaplan–Meier analysis. Positive

(?) and negative (-) expression of ANGPTL1 was plotted

against overall survival time
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EMT. ANGPTL1 silencing enhanced EMT in CRC

cells followed with the increase of Slug, Fibronectin

and Vimentin, the decrease of E-cad, and the enhance-

ment of both EMT-like cell morphology and cell

Fig. 4 The expression and interference effect of ANGPTL1 in

CRC cell lines. ANGPTL1 protein (a) andmRNA (b) expression
in 3 CRC cell lines. ANGPTL1 protein (c) and mRNA

(d) expression in siRNAcontrol and ANGPTL1siRNA

transfected HCT116 cells (9200 magnification). Bars indi-

cate means ± SE. *P\ 0.05; **P\ 0.01 compared with the

control

Fig. 5 The protein expression of ANGPTL1, Slug, Snail,

Twist, E-cad, Fibronectin, Vimentin, MMP9, N-cad and

a-SMA in siRNAcontrol and ANGPTL1siRNA transfected

HCT116 cells for 4d. The corresponding protein bands and

statistic bargraph were shown in left and right side, respectively.

White bars: siRNAcontrol group; Black bars: ANGPTL1siRNA

group. E-cad E-cadherin, FB Fibronectin, VM Vimentin, N-cad

N-cadherin, a-SMA Alpha-smooth muscle actin. Bars indi-

cate ± SE. *P\ 0.05; **P\ 0.01 compared with the control
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invasion/migration. However, Snail and Twist expres-

sion showed no significant difference between

ANGPTL1siRNA and siRNAcontrol groups. Ectopic

expression of ANGPTL1 also suppresses EMT by

reducing the expression of the zinc-finger protein Slug

but not Snail and Twist in lung cancer cells (Kuo et al.

2013), while ANGPTL1 significantly decreases EMT-

driven sorafenib resistance, cancer stemness and

tumor growth of HCC cells by repressing Slug

expression but is not involved with Snail and Slug

(Chen et al. 2016). However, Yan et al. (2017) showed

that ANGPTL1 could downregulate both Snail and

Slug in HCC cell lines. The subtle differences might

be due to different cell types and microenvironment in

various cancers. It is well known that the transcription

factor Slug plays a significant role in the initiation of

EMT (Shih and Yang 2011; Fenouille et al. 2012;

Naber et al. 2013). Taking together, ANGPTL1

inhibits EMT of CRC cells via inhibiting E-cad

Fig. 6 Cell morphology of siRNAcontrol and ANGPTL1siRNA transfected HCT116 cells after 4d

Fig. 7 Cell invasion (a) and migration (b) in siRNAcontrol and ANGPTL1siRNA transfected HCT116 cells. Bars indicate ± SE.

*P\ 0.05; **P\ 0.01 compared with the control (9200 magnification)
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suppressor Slug independent of Snail and Twist

regulation.

In conclusion, we first found that low ANGPTL1

expression is closely associated with multiple clinical

significance and prognosis of CRC patients.

ANGPTL1 inhibits EMT of CRC cells via inhibiting

Slug expression. However, the corresponding molec-

ular mechanism is poorly understood. In addition, the

7 other members of ANGPTL (ANGPTL 2-8) also

show various function in the development of cancers

(Carbone et al. 2018). For example, ANGPTL2 is

overexpressed in pancreatic cancer cells leading to

EMT and, in turn, acquired resistance to anti-VEGF

treatment (Carbone et al. 2011; Gaianigo et al. 2017).

In HCC cells, ANGPTL3 inhibited cell proliferation

and invasion through downregulation of p38MAPK

and MMP-9 cascade’s activation (Yu et al. 2011).

ANGPTL4 overexpression induces an elevation of

adenylate energy charge by ANGPTL4 enhances EMT

(Teo et al. 2017). The co-expression of ILT4 and

ANGPTL5 was associated with low non-small cell

lung cancer differentiation and lower overall survival

rates (Wang et al. 2015). Up-regulation of ANGPTL6

by miRNA-128 contributes to glioma and glioblas-

toma multiforme (GBM) resulting in the proliferation

of undifferentiated GBM cells (Cui et al. 2010).

ANGPTL7 was initially described as potent target

gene of the Wnt/b-catenin pathway (Adhikary et al.

2013). The cooperation and crosstalk between

ANGPTL1 and other members in the development

of CRC is still little known. All of above will be

investigated in our future study.
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