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Abstract

Background: LASP2 (LIM and SH3 Protein 2) is a small focal adhesion protein belongs to nebulin protein family.
As the newest member of nebulette family, the function of LASP2 remains to be identified.

Methods: The relationship between LASP2 expression and clinical characteristics of CRC was analyzed in 89
paraffin-embedded archived CRC specimens by immunohistochemistry (IHC). The effects of LASP2 on cell growth
and migration were examined in vitro, using CCK-8 and transwell assays. Western blotting was performed to
examine the impact of LASP2 on the SAPK/JNK and MAPK signaling pathways.

Results: In the present study, we observed a decreased LASP2 expression in clinical colorectal cancer samples
compared with paired normal tissues. A negative correlation was also found between LASP2 and poor prognosis of
CRC patients. Gain- and loss-of-function approaches revealed that LASP2 plays inhibitory effects on the growth and
migration of human CRC cells in vitro. Western-blot results showed that LASP2 could attenuate epithelial-mesenchymal
transition (EMT) to accomplish its suppression on CRC aggression. In LASP2 knocked down CRC cells, EMT was
inhibited along with the inactivation of JNK/p38 MAPK pathway. Consistently, treatment of JNK inhibitor (JNK inhibitor
) together with p38 inhibitor (SB203580) could resume the process of EMT. Interestingly, we found a negative
relationship between LASP2 and LASP1 expression in both CRC cell lines and tumors tissues, which suggests their

converse function in CRC progression.

Conclusions: All the findings indicated that LASP2 may play a significant role in suppressing CRC progression and

provided a novel biomarker for CRC therapy.

Keywords: LIM and SH3 Protein 2, Colorectal cancer, Tumor metastasis, Epithelial-mesenchymal transition, LIM and
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Background

Colorectal cancer (CRC) is one of the most common can-
cers and a crucial cause of cancer-related death worldwide
[1]. The incidence of CRC has been fleetly increasing over
the past decades due to the so-called western lifestyle [2, 3].
Although astounding improvements has been made in
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diagnosis and therapy, the overall survival of CRC patients
remains poor due to the late diagnosis and metastasis [4,
5]. Thus, it’s essential to identify molecular mechanisms re-
sponsible for CRC metastasis and seek new ways to facili-
tate early diagnosis.

LASP2 (LIM and SH3 Protein 2), an isoform of nebul-
ette, belongs to nebulin protein family of actin binding
protein [6]. Incipient studies of LASP2 were mainly
focused on its impact on cardiac diseases since nebulette
was first identified only expressed in myocardium [7, 8].
However, emphasis switched to its influence on cytoskel-
eton assembling and cell migration since different
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expression pattern of LASP2 and nebulette was detected
[9, 10]. Unlike nebulette, LASP2 was detected not only
in cardiac muscle but also many other organs including
brain, lung and kidney. Interestingly, LASP2 was more
closely to LASP1 although they are splice-variants of
nebulette sharing two transcriptional genes [11]. LASP1
was demonstrated involving in many cellular processes
such as cell proliferation, progression and migration of
several carcinomas. Our work had proved that LASP1
promotes CRC proliferation and metastasis, maybe
suggesting its correlations in the CRC progression [12].
LASP1, a downstream factor of TGF-beta, induced
epithelial-mesenchymal transition and contributed CRC
metastasis [13]. LASP2, as a member of the same pro-
tein family, is more likely to participate in these pro-
cesses the same as LASP1 for both containing LIM and
SH3 domain [14].

In this research, we investigated the expression of
LASP2 in CRC tissues and cell lines for the first time,
which to some extent elucidated the function of LASP2
in CRC. Furthermore, suppressive effects of LASP2 were
found when compared the survival curve of CRC
patients with high and low expression of LASP2. We
achieved a comprehensive understanding of LASP2 in
the progression of CRC and propose it as a brand new
marker for CRC staging and prognosis.

Methods

Cell lines and cell culture

CRC cell lines HCT116, HT29, LS174T, RKO, SW480,
SW620 and LOVO were accessed from the Cell Bank of
Chinese Academy of Sciences (Shanghai, China) and
maintained as described previously [12]. Additionally, a
human CRC cell subline having unique liver metastatic
potential, identified as SW480/M5, was established in
our laboratory [15] and applied in this research. All the
cells were cultured in RPMI 1640 (Hyclone) supple-
mented with 10% fetal bovine serum (FBS) (Gibco-BRL,
Invitrogen) at a humidity of 5% CO, at 37 °C.

For inhibitor treatment, both JNK inhibitor II (Milli-
pore) [16] and p38 inhibitor SB203580 (Millipore) [17]
were first dissolved in DMSO and then added to the
cultured cells at a desired concentration 20 pM for
JNK inhibitor II and 10 pM for SB203580 every
2 days, respectively.

RNA extraction, RT-PCR and real-time PCR

Total RNAs were isolated from CRC cell lines with
Trizol reagent (Invitrogen Life Technologies) according
to manufacturer’s protocol. To quantitate the expression
of lasp2, total RNA was polyadenylated and reverse
transcription was performed using 2ug of RNA of each
sample by SuperScript II RT kit (Invitrogen Life
Technologies). GAPDH was chosen as an internal
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quantitative control. All the primers were purchased from
Invitrogen and the primer sequences of lasp2 were as
follows: sense primer 5 -CATTCCCAAGGCTATGGCT
A-3" and anti-sense primer 5-ATCGTACATGGCTC
GGTAGG-3'". The primer sequences for GAPDH were as
follows: sense primer 5'-CCACCCATGGCAAATTC
CATGGCA-3’ and anti-sense primer 5 -TCTAGACGG
CAGGTCAGGTCCAC-3". Expression data analyzed by
the 27°““T method described previously [18].

Western blotting

Immunoblot analysis was performed to assess protein
expression of cell lysates (20-60 pg) in RIPA buffer in
the presence of mouse antibodies to B-tubulin (1:1000;
Santa Cruz); rabbit antibody to LASP2 (1:500; Abcam);
rabbit antibodies to p-SAPK/JNK, SAPK/JNK, p-p38,
p38, p-p44/42, p44/42 (1:500; CST) and rabbit antibody
to ZO-1, E-cadherin, B-catenin, N-cadherin, Vimentin
(1:1000; CST).

Immunohistochemistry

IHC was used to detect the expression of proteins in 89
human colorectal cancer tissues as described previously
[19]. The slides were incubated overnight with primary
antibodies against LASP2 (1:500) and LASP1 (1:500), at
4 °C. Mayer’s hematoxylin was applied for nuclear coun-
terstaining. In our research, these sections were reviewed
by three blind-folded pathologists, and the intensity of
staining of malignant cells was scored as below to
analyze the levels of protein expression: 0 (no staining),
1 (weak staining, faint yellow), 2 (moderate staining,
light brown), and 3 (strong staining, brown). A score of
intensity >2 was classified as high expression, whereas
<2 was considered as low expression. The discrepancies
(<5%) were settled by reevaluation simultaneously.

Vectors construction and siRNA transfection

Full-length human lasp2 ¢DNA was amplified and sub-
cloned into pENTER to construct LASP2 overexpression
vector by standard PCR techniques (Shanghai GenePharma
Co., Shanghai, China). SiIRNA sequences 5'-GUCCUAUGC
UAAACCAUGUTT-3" and 5'-ACAUGGUUUAGCAUAG
GACTT-3" were used to knockdown LASP2. Transfection
was performed as previously described [20].

CCK-8 assay

CRC cells were planted to 96-well plates at a concentra-
tion of 1 x 10° cells per cell. Cell viability of control,
LASP2 overexpressed and LASP2 knock-down cells were
detected using Cell Counting Kit-8 assay. Briefly, 10 pl
Cell Counting Kit-8 (Dojindo) was added to each well
for 2 h and the absorbance value (OD) was measured at
490 nm using a microplate reader. All the experiments
were repeated for at least three times.
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Transwell assay

CRC cells (1 x 10° cells/100 ml) were added to the
upper chamber of Transwell inserts (8 mm pore size)
with serum-free medium (Corning Star). Medium with
10% FBS was infused to the lower chamber as a chemo-
attractant. Cells added to the upper chamber were
allowed to migrate through the porous membrane for
24 h or 48 h at 37 °C. The cells stocked to the lower sur-
face of the membrane after migrating through the por-
ous membrane were fixed with methanol for 20 min and
stained with Giemsa solution for 15 min for
visualization. Five randomly selected fields of the cells
were counted under a microscope(original magnifica-
tion, x200) for quantification.

Statistical analysis

Data were analyzed using SPSS 19.0. Statistical signifi-
cance of difference between groups was determined by a
two-tailed paired Student’s ¢ test. Chi-square test was
performed to examine the relationships between LASP2
expression and clinicopathologic characteristics. Kaplan-
Meier plots were performed to investigate the prognostic
relevance of LASP2 in univariate analysis. Cox
regression model was performed to assess the statistical
significance of various survival-related variables in
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multivariate analysis. P < 0.05 was acknowledged as sta-
tistically significant.

Results

LASP2 is downregulated in colorectal cancer tissues

The results of qPCR and immunoblotting assays
showed that LASP2 is differently expressed in various
CRC cell lines. High transcriptional level of LASP2
expression in a certain cell line was not totally con-
sistent with that of high translational level. However,
LASP2 always highly expressed in the metastatic CRC
cell line SW620 and relatively lowly expressed in the
primary tumor cell line SW480 (Fig. la and b).
Hence, we select those the two cell lines to launch
the following functional experiments.

Further, the expression and subcellular localization
of LASP2 were determined by IHC analysis in 72 and
89 paraffin-embedded, archival normal colorectal
mucosa and CRC tissues, respectively. The intensity
of tissue staining was classified to better discriminate
no staining, weak, moderate, and strong staining in
both the normal and tumor tissues (Fig. 1c). LASP2
was overexpressed in 68.0% (49/72) of normal colo-
rectal samples. Compared with these normal tissues, a
relatively high expression level of LASP2 was only
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Fig. 1 LASP2 is downregulated in colorectal cancer tissues. (@) LASP2 mRNA expression in CRC cell lines by real-time PCR. Expression levels were
determined by the normalization of GAPDH. Error bars represent mean SD averaged from 3 independent experiments. (b) LASP2 expression in
CRC cell lines by western blot. Immunosignal represent the relative amount of protein expression and was quantified by greyscale scanning
software, and relative protein abundance was normalized by B-tubulin. (c) LASP2 expression in normal and CRC tissues by IHC from paraffin
blocks. Representatives of LASP1 staining intensity: (a) negative in adjacent tissue, (b) weak in adjacent tissue, (c) moderate in adjacent tissue,

(d) strong in adjacent tissue, (€) negative in tumor tissue, (f) weak in tumor tissue, (g) moderate in tumor tissue and (h) strong in tumor tissue

© & \’s:‘
) Q O

c&\‘& é&‘ip 4&3&&@@0

RV 9 2 9

tasez [ B R BRT |

0.22 0.35 0.40 0.45 0.07 0.47 0.11 0.02




Wang et al. Cell Communication and Signaling (2017) 15:21

observed in 50.6% (45/89) of CRC samples (P = 0.025)
(Additional file 1: Table S1).

LASP2 was negatively correlated with progression and
poor survival in CRC

Chi-square test revealed that the protein levels of LASP2
significantly correlated with differentiation (P = 0.023),
N classification(P = 0.026) and AJCC stage (P = 0.015)
(Additional file 1: Table S1). Kaplan—Meier survival
analysis demonstrated that the CRC patients with high
expression level of LASP2 had a better prognosis not
only in T3 + T4 stage but also all stages (Fig. 2). Al-
though Cox proportional hazards model of multivariate
analysis indicated that LASP2 expression level is not an
independent prognostic factors for prognosis of CRC
patients, univariate analysis revealed it do correlate with
the overall survival rate (Additional file 1: Table S2).

LASP2 suppresses human CRC cell growth and migration
To investigate the potential effect of LASP2 on the prolif-
eration and migration of human CRC cells, gain- and
loss-of-function assays were performed in vitro. We trans-
fected LASP2 vector to SW480 and siRNA to HCT116 to-
gether with SW620 cells (Fig. 3a and b). CCK-8 assay
showed that overexpressed LASP2 in SW480 significantly
decreased the proliferation compared with the control
cells. Conversely, cell proliferation was significantly in-
creased in the LASP2 knockdown HCT116 and SW620
cells (Fig. 3c). Transwell assay revealed that exogenous
introduction of LASP2 tends to decrease cell migration in
SW480 cells. On the contrary, depletion of endogenous
LASP2 expression mediated by siRNA could enhance the
migratory ability in HCT116 and SW620 cells (Fig. 3d).
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JNK/p38 MAPK inactivation is required for LASP2-
medatied cell behaviors in CRC cells

To discover the underlying mechanism of LASP2 sup-
pressed CRC progression, western blot analysis was per-
formed to detect the phosphorylation level of p38 and
SAPK/INK, two classical mark of the MAPK pathway.
Results showed that knock down of LASP2 expression
dramatically promoted the phosphorylation of p38 and
SAPK/JNK in CRC cell (Fig. 4a and b), which could acti-
vate p38 and JNK signal pathway. Meanwhile, siRNA of
LASP2 also decreased the expression of epithelial
marker ZO-1, E-cadherin, B-catenin, and increased the
expression of mesenchymal markers N-cadherin and
Vimentin (Fig. 4a), subsequently acceleratting epithelial-
mesenchymal transition (EMT). Furthermore, treatment
of p38 inhibitor SB203580 and JNK inhibitor II pro-
foundly prevented phosphorylation of p38 and SAPK/
JNK and simultaneously the EMT (Fig. 5a), thus miti-
gated the aggressive phenotype brought by the depletion
of LASP2 (Fig. 5b).

LASP2 is negatively regulated by LASP1 in colorectal
cancer cells and tissues

Considering the tumor suppressive function of LASP2 is
not consistent with the promoted effect of LASP1, both of
which belong to nebulin protein family, in cancer aggres-
siveness we expounded displayed previously [14], we
evaluated the expression of LASP1 and LASP2 level in
CRC cell lines and tissues. Results demonstrated that high
expression level of LASP1 always accompanied with
down-regulated level of LASP2 in both CRC cell lines and
tissues (Fig. 6a and c). Both exogenously overexpressed
and down-regulated of LASP1 expression in SW620 and
SW480 resulted in reverse expression of LASP2 (Fig. 6b).
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Fig. 2 LASP2 was negatively associated with progression and poor survival in CRC. Kaplan-Meier survival analysis in patients with CRC. a Overall
survival of all patients. (n = 89, log rank = 5.490, P = 0.019). b Overall survival of patients in T3 and T4 stage (n = 80, log rank = 4.384, P = 0.036)
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Fig. 3 LASP2 suppresses human CRC cell growth and migration. Transfection of LASP2 vector and siRNA was detected by western blot (a) and real
time RT-PCR (b). Function of exogenous LASP2 overexpression and knockdown was investigated by CCK-8 assay (c) and transwell assay (d). Representative
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Fig. 4 JNK/p38 MAPK inactivation is required for LASP2-medatied cell behaviors in CRC cells. a Marks of MAPK pathway and EMT were detected
by western blot in LASP2 knockdown cell line SW620. Immunosignals of protein expression level were quantified by greyscale scanning software
and relative protein abundance was normalized by B-tubulin. b Relative expression of phosphorylation of p38 and SAPK/JNK compared with
original one. Error bars represent mean SD averaged from 3 independent experiments. (**) indicates P < 0.01
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Fig. 5 JNK/p38 MAPK inactivation is required for LASP2-medatied cell behaviors in CRC cells. a Western blot analysis of marks of MAPK pathway
and EMT after treatment with JNK inhibitor JNK inhibitor Il and p38 inhibitor SB203580 in LASP2 down-regulated CRC cell line SW620. Immunosignals
of protein expression level were quantified by greyscale scanning software and relative protein abundance was normalized by 3-tubulin. b Representative
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independent experiments. (#) indicates not statistic significant while (*) indicate P < 005 and (**) P < 001
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Discussions
As a newly identified splice variant of nebulette most
recently [21], LASP2 is rarely studied nowadays. Only sev-
eral published papers of LASP2 were found on its struc-
ture as a binding scaffolding protein to actin filaments and
Z-disc [9, 11, 22], let alone researches on its function.
Since LASP2 shares a deep homology with LASP1 in the
organization of protein with N-terminal LIM domain and
nebulin repeats and C-terminal SH3 domain, LASP2 may
be also functional in cell motility. Few studies have shed
lights on the correlation between LASP2 and cell migra-
tion as well as spreading [10]. As we have a solid research
basis on LASP1 in CRC cancer progression [12], the
function of LASP2 was also studied in colorectal cancer.
Our study draws a blank at present since no researchers
have exerted themselves to the relationship between
LASP2 and cancer, let alone its effects on clinical feature
and prognosis. We are the first group that demonstrated
the expression of LASP2 in CRC cell lines and colorectal
cancer samples. Moreover, we further analyzed the correl-
ation between LASP2 and prognosis of CRC patients,
trying to evaluate LASP2 as a novel predictive factor in
the diagnosis and progression of CRC.

Given that LASP2 could influence cell motility [10],
we investigate its potential function in the proliferation
and migration of CRC cells in vitro. Interestingly, we

found an opposite effect of LASP2 compared to that of
LASP1 despite they share a similar molecular composition.
Their totally different function on CRC cell metastasis
might result from their different distribution in focal adhe-
sion [9]. We also tried to seek for molecular mechanism be-
hind LASP2 induced cell motility. Since it has been
reported that MAPK signaling pathway profoundly regulate
cell proliferation and migration [23, 24], we screened all the
marks of MAPK signaling pathway that might change dur-
ing the knockdown of LASP2. As a result, the activation of
JNK/p38 MAPK pathway was illustrate by the depletion of
LASP2. Many epithelial tumors acquires an aggressive
property to enter the surrounding stroma through
epithelial-mesenchymal transition (EMT), thereby obtain-
ing enhanced migratory and invasiveness capacity. Thus,
the expression of EMT markers was also detected by
western blot analysis in the present of pathway inhibitors to
understand the mechanism behind the suppressive effect of
CRC progression. We initiatively demonstrated that LASP2
could suppress colorectal cancer progression through
JNK/p38 MAPK pathway meditated EMT.

Although LASP2 and LASP1 share high similarity in the
structure [6], a few studies had discovered they had adverse
distribution in some particular cellular position [9, 10].
Consistently, we detected an opposite distribution and
function of LASP1 and LASP2 in CRC, which may be
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a part of the regulation networks in cancer progres-
sion. However, further works need to be done as to
the interaction of LASP1 and LASP2, and we still
have a long way to go to better understand the whole
frame of cancer metastasis.

Conclusion

Our research first demonstrated the expression of LASP2
in CRC cell lines and tissues, revealing a distinct function
of LASP2 in CRC. We also further analyzed the correlation
between LASP2 and clinical features as well as prognosis of
CRC, which will add evidences to LASP2 as a novel bio-
marker in cancer staging and prediction of survival.

Additional file

Additional file 1: Table S1. Relationship between LASP2 expression
and the clinicopathological features of CRC patients. Table S2. Univariate
and multivariate analyses of individual parameters for correlations with
overall survival rate: Cox proportional hazards model. (DOCX 21 kb)

Abbreviations

CRC: Colorectal cancer; EMT: Epithelial-mesenchymal transition; FBS: Fetal bovine
serum; IHC: Immunohistochemistry; JNK: c-Jun N-terminal kinase; LASP1: LIM and
SH3 Protein 1; LASP2: LIM and SH3 Protein 2; MAPK: Mitogen-activated protein
kinases; OD: Absorbance value; siRNA: Small interfering RNA

Acknowledgements
Not applicable.

Ethical approval and consent to participate
Not applicable.

Funding

This work was supported by the National Natural Science Foundation of
China (Nos. 81,201,635), Guangdong Natural Science Foundation
(S2012040006418, S2013010014254, 2014A030313490), Science and
Technology Program of Guangzhou (1563000235).

Availability of data and materials
The authors declare that data supporting the findings of this study are
available within the article and its Additional files.

Authors’ contributions

BW and LZ-Z designed and conducted all the experiments. LY-Z, RZ and
YQ-D analysed data and interpreted the results. GX-L and LZ conceived and
coordinated the study and wrote the paper. All authors reviewed the results
and approved the final version of the manuscript.

Competing interests
The authors declare no competing financial interests.

Consent for publication
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Pathology, Nanfang Hospital, Southern Medical University,
Guangzhou, China. “Department of General Surgery, Nanfang Hospital,
Southern Medical University, Guangdong provincial Engineering Technology
Research Center of Minimally Invasive Surgery, Guangzhou, China.

Page 8 of 8

3Department of Pathology, School of Basic Medical Sciences, Southern
Medical University, Guangzhou, China.

Received: 5 April 2017 Accepted: 7 June 2017
Published online: 12 June 2017

References
1. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J Clin.
2014,64:104-17.

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin. 2016,66:115-32.

3. Zhang Y, ShiJ, Huang H, Ren J, Li N, Dai M. Burden of colorectal cancer in
China. Zhonghua Liu Xing Bing Xue Za Zhi. 2015,36:709-14.

4. Gupta GP, Massague J. Cancer metastasis: building a framework. Cell.
2006;127:679-95.

5. Keane MG, Johnson GJ. Early diagnosis improves survival in colorectal
cancer. Practitioner. 2012;256:15-8. 12

6. Pappas CT, Bliss KT, Zieseniss A, Gregorio CC. The Nebulin family: an actin
support group. Trends Cell Biol. 2011;21:29-37.

7. Moncman CL, Wang K. Nebulette: a 107 kD nebulin-like protein in cardiac
muscle. Cell Motil Cytoskeleton. 1995;32:205-25.

8. Bang ML, Chen J. Roles of Nebulin family members in the heart. Circ J.
2015;79:2081-7.

9. Bliss KT, Chu M, Jones-Weinert CM, Gregorio CC. Investigating lasp-2 in cell
adhesion: new binding partners and roles in motility. Mol Biol Cell.
2013,24:995-1006.

10. Deng XA, Norris A, Panaviene Z, Moncman CL. Ectopic expression of
LIM-nebulette (LASP2) reveals roles in cell migration and spreading.

Cell Motil Cytoskeleton. 2008;65:827-40.

11. Zieseniss A, Terasaki AG, Gregorio CC. Lasp-2 expression, localization, and
ligand interactions: a new Z-disc scaffolding protein. Cell Motil Cytoskeleton.
2008;65:59-72.

12, Zhao L, Wang H, Liu C, Liu Y, Wang X, Wang S, et al. Promotion of
colorectal cancer growth and metastasis by the LIM and SH3 domain
protein 1. Gut. 2010;,59:1226-35.

13. Wang H, Shi J, Luo Y, Liao Q, Niu Y, Zhang F, et al. LIM and SH3 protein 1
induces TGFbeta-mediated epithelial-mesenchymal transition in human
colorectal cancer by regulating S100A4 expression. Clin Cancer Res.
2014;20:5835-47.

14. Orth MF, Cazes A, Butt E, Grunewald TG. An update on the LIM and SH3
domain protein 1 (LASP1): a versatile structural, signaling, and biomarker
protein. Oncotarget. 2015,6:26-42.

15. Zhang YF, Liu L, Ding YQ. Isolation and characterization of human colorectal
cancer cell subline with unique metastatic potential in the liver. Nan Fang
Yi Ke Da Xue Xue Bao. 2007;27:126-30.

16. Shin M, Yan C, Boyd D. An inhibitor of c-jun aminoterminal kinase
(SP600125) represses c-Jun activation, DNA-binding and PMA-inducible 92-
kDa type IV collagenase expression. Biochim Biophys Acta. 2002;1589:311-6.

17. Barancik M, Bohacova V, Kvackajova J, Hudecova S, Krizanova O, Breier A.
SB203580, a specific inhibitor of p38-MAPK pathway, is a new reversal agent of
P-glycoprotein-mediated multidrug resistance. Eur J Pharm Sci. 2001;14:29-36.

18.  Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(—Delta Delta C(T)) Method. Methods.
2001,25:402-8.

19. Zhao L, Wang H, Li J, Liu Y, Ding Y. Overexpression of Rho GDP-dissociation
inhibitor alpha is associated with tumor progression and poor prognosis of
colorectal cancer. J Proteome Res. 2008;7:3994-4003.

20. Wang B, Li W, Liu H, Yang L, Liao Q, Cui S, et al. miR-29b suppresses tumor
growth and metastasis in colorectal cancer via downregulating Tiam1 expression
and inhibiting epithelial-mesenchymal transition. Cell Death Dis. 2014;5:¢1335.

21, Katoh M. Identification and characterization of LASP2 gene in silico.

Int J Mol Med. 2003;12:405-10.

22, LiB, Zhuang L, Trueb B. Zyxin interacts with the SH3 domains of the cytoskeletal
proteins LIM-nebulette and Lasp-1. J Biol Chem. 2004;279:20401-10.

23. Huang C, Jacobson K, Schaller MD. MAP kinases and cell migration.

J Cell Sci. 2004;117:4619-28.

24, Sun'Y, Liu WZ, Liu T, Feng X, Yang N, Zhou HF. Signaling pathway of
MAPK/ERK in cell proliferation, differentiation, migration, senescence and
apoptosis. J Recept Signal Transduct Res. 2015;35:600-4.


dx.doi.org/10.1186/s12964-017-0179-9

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell lines and cell culture
	RNA extraction, RT-PCR and real-time PCR
	Western blotting
	Immunohistochemistry
	Vectors construction and siRNA transfection
	CCK-8 assay
	Transwell assay
	Statistical analysis

	Results
	LASP2 is downregulated in colorectal cancer tissues
	LASP2 was negatively correlated with progression and poor survival in CRC
	LASP2 suppresses human CRC cell growth and migration
	JNK/p38 MAPK inactivation is required for LASP2-medatied cell behaviors in CRC cells
	LASP2 is negatively regulated by LASP1 in colorectal cancer cells and tissues

	Discussions
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Ethical approval and consent to participate
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Publisher’s Note
	Author details
	References

