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Abstract

Background Transgelin (SM22) plays a crucial role in
colorectal cancer (CRC) progression; nevertheless, its
upstream regulatory mechanisms are poorly defined. AKT
and JNK signaling pathways are strongly associated with
tumor progression and metastasis, and there are some
indications that these pathways might be involved in
transgelin regulation.

To examine the role of AKT and JNK signaling in
transgelin regulation in colorectal cancer progression.
Methods Phospho-AKT (P-AKT), phospho-JNK (P-JNK),
and transgelin expression were examined in one normal
colon cell line (FHC) and three CRC cell lines (SW620,
LoVo, and RKO) as well as in normal colon and CRC tissue
samples by Western blot and qRT-PCR. Next, siRNA
silencing of AKT or JNK pathways in SW620 cells was
performed to examine their role in transgelin regulation. The
effects of siRNA silencing on SW620 cell mobility and
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metastatic properties were examined by cell migration,
invasion assays, and actin cytoskeleton.

Results Transgelin, P-AKT, and P-JNK were increased in
all examined cell lines. Moreover, transgelin mRNA and
protein expression was especially elevated in SW620 cells.
Furthermore, inhibition of Akt or JNK signaling resulted in
transgelin downregulation. When transgelin, Akt, or JNK
signaling was inhibited, SW620 cell migration and inva-
sion were dramatically decreased with inhibition of actin
cytoskeleton dynamics.

Conclusion This study demonstrates, for the first time,
that activated AKT and JNK signaling pathways promote
the overexpression of transgelin, which potentially con-
tributes to CRC progression and metastasis.

Keywords Transgelin - SM22 - AKT - JNK - Metastasis -
Colorectal cancer

Introduction

Although colon cancer incidence in the USA has dropped
by 30 % over the past decade among patients older than
50 years, epidemiological studies indicate that colorectal
cancer (CRC) is the third most common cancer and the
third leading cause of cancer death in men and women [1].
Currently, localized CRC is curable by surgical resec-
tion. However, many CRC patients will experience recur-
rent, metastatic disease and the 5-year survival rates are
<10 % in these patients [2]. Hence, the search for novel
therapeutic biomarkers and better understanding of the
underlying mechanisms of CRC progression are highly
desired to decrease CRC.

Numerous studies have documented the widespread role
of Akt and JNK signaling in cell survival and metastasis in
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CRC, as well as many other types of cancer. These sig-
naling pathways act as key signaling nodes that link
oncogenic receptors to many essential pro-survival cellular
functions, and are perhaps the most commonly activated
signaling pathways in human cancer [3]. However, the
mechanisms of Akt and JNK signaling have not yet been
completely elucidated. Therefore, examining potential new
connections of these signaling pathways with different
signaling molecules within a cell could possibly provide
the basis for the development of novel strategies for the
treatment of metastases.

Transgelin, also known as SM22, is an abundant 22-kDa
protein which primarily participates in processes associated
with remodeling of the actin cytoskeleton [4]. Although
some early studies observed that transgelin is downregu-
lated in early-stage tumor models, more recent studies
suggest that transgelin is upregulated in aggressive, late-
stage, lymph node-positive cancers and that its expression
correlates with tumor stage and prognosis [5-9]. In our
previous study in which we performed a proteomic analysis
of CRC samples obtained through laser capture micro-
dissection of tumor tissue from lymph node-negative and
lymph node-positive patients, we demonstrated that trans-
gelin might be an oncogenic marker for CRC [9]. Regu-
latory mechanisms that act upstream of transgelin have not
yet been identified. Since AKT or JNK signaling pathways
participate in modulation of many cancer-related processes
in the cell and previous studies have reported that activa-
tion of AKT and JNK is closely related to the expression of
transgelin [10, 11], we hypothesize that these pathways
may contribute to CRC progression possibly by modulating
transgelin expression.

In this study, we decided to examine the expression of
phospho-AKT (P-AKT), phospho-JNK (P-JNK), and
transgelin in CRC lines as well as in normal colon and
CRC tissue samples at both the mRNA and protein level.
Next, in order to investigate the possible role of AKT or
JNK pathways in transgelin regulation, siRNA silencing
was performed, and the effects of inhibition on cell
mobility and metastatic properties were investigated.

Results

P-AKT and P-JNK Expression in SW620, RKO,
and LoVo Colorectal Cancer Cell Lines

In order to examine P-AKT and P-JNK expression in CRC,
we have examined their expression in three human CRC
cell lines (SW620, RKO, and LoVo) by Western blot
analysis. In our study, P-AKT and P-JNK were highly
expressed (Fig. 1) which is consistent with findings from
previous studies [12, 13].
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Fig. 1 AKT and JNK are activated in CRC cell lines. Western blot
analysis of P-AKT and P-JNK showed that they are highly expressed
in human CRC cell lines SW620, LoVo, and RKO compared to FHC
(» < 0.05)

Transgelin Expression in CRC Cell Lines, Normal
Colon, and CRC Tissue Samples

In order to investigate the role of transgelin in tumor
genesis, we next examined its expression in human CRC
cell lines (SW620, RKO, and LoVo) and one human nor-
mal colon cell line (FHC) by Western blot. In our study,
transgelin was expressed in all examined CRC cell lines
and its expression was highest in the SW620 cell line
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Fig. 2 Transgelin expression is increased in colorectal cancer.
a Western blot analysis has shown that the highest transgelin
expression was observed in SW620 cell line; b qRT-PCR analysis of
transgelin expression has revealed that transgelin expression was
higher in CRC tissues with LM than in normal colonic epithelial
tissues (p < 0.001) or CRC tissues without metastasis, while no
differences were observed between normal colonic epithelial tissues
and CRC tissues without metastasis (p = 0.0039)
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(Fig. 2a). Transgelin expression was further evaluated by
gRT-PCR in 10 normal colon epithelial tissues, nine CRC
tissues without metastasis, and nine CRC tissues with
lymph node metastasis (LM). As shown in Fig. 2b, trans-
gelin expression was higher in CRC tissues with LM than
normal colonic epithelial tissues or CRC tissues without
metastasis, while no differences were observed between
normal colon epithelial tissues and CRC tissues without
metastasis, suggesting that transgelin may be closely rela-
ted to the CRC metastatic processes.

Transgelin May Be a Downstream Target of AKT
or JNK Signaling

Further, we examined the relationship between transgelin
and AKT and JNK signaling pathways. For this purpose,
SW620 cells were treated with 50 pM LY294002 (AKT
inhibitor) or 25 uM SP600125 (JNK inhibitor) for 16 h and
the transgelin mRNA and protein levels were quantified by
Western blot and qRT-PCR. The results of these analyses
show that in SW620 cells treated with inhibitors, transgelin
expression was markedly decreased when compared with
the mock group or control group as shown in Fig. 3a, b. In
addition, transgelin expression was inhibited by transgelin
siRNA as a positive control in these experiments
(p < 0.05). To additionally examine the influence of AKT
and JNK signaling pathways on transgelin expression in
SW620 cells, cells were incubated in the presence of
SP600125 (25 uM) or LY294002 (50 uM) for O, 8, 16, or
24 h, and transgelin protein expression was examined. The
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Fig. 3 Transgelin expression is downregulated by inhibition of AKT
or JNK pathway in CRC cells. a Western blot and b qRT-PCR
validation of transgelin showed that the protein and mRNA expres-
sion of transgelin was significantly decreased after inhibition of AKT
or JNK signaling pathways as well as after the transfection of SW620

results of this time response analysis showed that transgelin
protein expression was decreased at 8 h after the addition
of AKT and JNK inhibitors by 59 and 63 %, respectively,
and remained decreased by 80 % (AKT inhibitor) and
86 % for up to 24 h (Fig. 3c, d).

AKT or JNK Signaling Pathways May Promote Cell
Migration and Invasion in CRC Partly by Activation
of Transgelin

Cell motility and invasiveness closely correlate with cancer
metastasis. In order to evaluate the metastatic properties of
CRC cells, we carried out cell migration and invasion
assays in SW620 cells treated with AKT or JNK inhibitor,
as well as siRNA for transgelin. The results of these
analyses have shown that both the treatment of SW620
cells with AKT and JNK inhibitors and silencing of
transgelin by siRNA were able to suppress the migration
and invasion capacity of these cells when compared with
the control or mock group (p < 0.05, Fig. 4a, b).

AKT or JNK Signaling Pathways May Regulate
Actin Cytoskeleton by Activation of Transgelin
in Human CRC Cells

To test the hypothesis that the regulatory effect of AKT or
JNK signaling on CRC cell migration may be mediated by
regulation of actin cytoskeleton via transgelin, changes in
the action cytoskeleton in human SW620 cells were
determined by actin staining. After stimulation with
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cells with siRNA™™" (protein: p < 0.05; mRNA: p < 0.05;
n =3). ¢, d Western blot and qRT-PCR analysis of transgelin
expression in SW620 cells treated with SP600125 (25 uM) or
LY294002 (50 uM) at 0, 8, 16, and 24 h after the treatment with the
inhibitors
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Fig. 4 AKT or JNK signaling pathways may induce CRC metastasis
partly by upregulating the expression of transgelin. a The migration
activity of LY294002- and SP600125-treated SW620 cells was
significantly reduced by approximately 66 and 60 % compared with
mock group, respectively (p < 0.05). Cells treated with LY294002 or
SP600125 or incubated with siRNA for transgelin showed less
motility when compared to untreated control cells; however, no
significant difference was observed between these three treated
groups (p > 0.05). The results are presented as the mean
results £ SD of a representative experiment performed in triplicate
(n = 3). b The cell invasion assay showed that adding L.Y294002 or
SP600125 or knockdown transgelin expression by siRNA resulted in

CXCL12, mock cells or cells transfected with siRNACTRL
showed a normal pattern of actin polymerization and
polarization, while an inhibitory result was shown in
SW620 cells treated with AKT and JNK inhibitors as well
as with transgelin siRNA silencing (Fig. 4c). These results
demonstrated that AKT or JNK signaling pathways might
promote the actin polymerization and polarization through
transgelin in CRC cells.

Discussion

Colorectal cancer is one of the most common malignancies
with high incidence rates globally, and in recent years, it
has been the leading cause of cancer-related death in China
too [1]. Although CRC progresses slowly to the invasive
stage, the progression from invasive carcinoma to meta-
static phase occurs rapidly [14]. However, useful markers
and complete understanding of their mechanisms of action
are still not available and their delineation might be vital in
improving the clinical outcome of CRC patients with
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decreased cells invasion capability when compared with the control
untreated cells or mock-treated cells (p < 0.05). The results are
presented as the mean £ SD (n = 3). ¢ Red fluorescence represents
the actin cytoskeleton of SW620 cells (x200). After the stimulation
of SW620 cells with CXCL12, mock cells or cells transfected with
siRNACTRL showed a normal pattern of actin polymerization and
polarization, in which the actin aggregated in the region where cells
were in contact with chemokines, and then a projection of cells was
formed (white arrow). Cells treated with LY294002 or SP600125 or
in which siRNA-mediated transgelin knockdown was performed,
resulted in an abnormal response, and no obvious actin polymeriza-
tion and polarization were seen (n = 3)

metastasis. Transgelin has been primarily studied as an
abundant protein of smooth muscle cells and an important
factor in the determination of actin cytoskeleton dynamics.
Structurally, it belongs to a calponin protein family char-
acterized by the presence of a single N-terminal calponin
homology (CH) domain and by one C-terminal calponin-
like repeat [4]. There is growing evidence that transgelin is
both directly and indirectly involved in many cancer-re-
lated processes. However, its role in tumorigenesis is
complex and often contradictory and therefore requires
further examination [4].

The PI3K/AKT pathway acts as a key signaling node
that provides the link between oncogenic receptors and
downstream pro-survival molecules and is one of the most
frequently activated signaling pathways in human cancers
[12]. Multiple small GTPases are known to activate PI3K/
AKT signaling, and Rho GTPases are downstream activa-
tors of PI3K [13]. Genomic analyses have also revealed
that many components of the PI3K/Akt pathway are fre-
quently mutated or altered in human cancers [15].
Numerous studies have documented the widespread role of
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Akt in cell metastasis in CRC, as well as many other types
of cancer [3].

The JNK protein kinases are encoded by MAPKS,
MAPK9, and MAPK10 and alternatively spliced to form
the JNK isoforms. Multiple growth factors and extracel-
lular signals can lead to activation of the JNK signaling
pathway which is involved in the regulation of cell pro-
liferation and inducing apoptosis [16]. In addition, persis-
tent activation of JNK has been found in human tumors and
it has been shown that it influences cancer development
and progression [17]. Overexpression of signaling mole-
cules involved in this pathway as well as its constitutive
activation is commonly detected in CRC, and several lines
of evidence indicate that activation of JNK plays an
important role in progression and metastasis of this type
cancer [18].

In our previous study, we showed that transgelin can
promote invasion, survival, and resistance to anoikis and
correlates with CRC metastasis [9]. The aim of this study
was to investigate whether there was a correlation between
AKT or JNK signaling and transgelin and to examine the
transgelin function in CRC cells. For this purpose, we
examined the expression of active phosphorylated forms of
AKT and JNK as well as transgelin expression in three
human CRC cell lines, SW620, LoVo, and RKO compared
with normal colon cell line FHC. We confirmed their pro-
nounced expression. Next, we have examined transgelin
mRNA expression in colorectal tumors of patients with and
without LM as well as of normal colonic epithelial tissue.
Interestingly, elevated transgelin mRNA expression was
observed in the CRC tissues with LM compared with normal
colonic epithelial tissues or CRC tissues without metastasis,
but no difference was found between normal colon epithelial
tissues and CRC tissues without metastasis. These findings
suggest that transgelin may play a critical role in CRC
metastasis. Moreover, Western blot analysis has shown that
the levels of transgelin were downregulated when SW620
cells were incubated with AKT and JNK signaling pathway
inhibitors, LY294002 or SP600125. These results confirm
transgelin as one of the downstream targets of AKT and JNK
cascade in CRC. In addition, the results of cell migration and
cell invasion assays as well as actin cytoskeleton demon-
strated that AKT or JNK pathway may promote CRC
metastasis via upregulation of transgelin.

To date, many studies have proposed that transgelin is a
multifunctional protein and it affects CRC cells and it has
now been associated with prognosis, metastasis, and
invasiveness of CRC [5, 8, 19, 20]. A recent study showed
that apigenin upregulates transgelin and inhibits invasion
and migration of colorectal cancer through decreased
phosphorylation of AKT [21]. However, the final consen-
sus on the role of transgelin in colorectal tumorigenesis has
still not been reached. In this study, we found that the

expression level of transgelin was upregulated in colorectal
cancer with lymph node metastasis, while there was no
significant difference between the normal and tumor tissue
of colorectal patients (without metastasis). Furthermore,
the expression of transgelin was significantly increased in
SW620 (CRC cell line derivated from lymph node metas-
tasis) based on the results of our previous study in which
we have shown that transgelin may be an oncogenic marker
in CRC by using the proteomic analysis of samples
obtained through laser capture micro-dissection of tumor
tissue from node-negative and node-positive patients, and
we hypothesized that transgelin may be closely related to
the CRC metastasis [9]. In addition, transgelin is also
known to play a critical role in actin cytoskeleton which is
closely related to cancer metastasis [4]. Indeed, the results
of this study showed that transgelin promoted migration
and invasion of CRC cells and actin cytoskeleton dynam-
ics, confirming our hypothesis. On the other hand, our
results highlight the possible strategy of transgelin target-
ing for CRC therapy, especially for stage III or IVCRC
which are characterized by metastasis. Indeed, future
studies are warranted in order to increase understanding of
the details of cross talk between AKT and/or JNK path-
ways and transgelin and to clarify what components
downstream of transgelin are activated by AKT and/or JNK
signaling pathways in tumorigenesis.

Materials and Methods
Cell Lines and Cell Culture

The CRC cell lines (SW620 and LoVo) were obtained from
ATCC and maintained in RPMI-1640 cell culturing med-
ium supplemented with 10 % fetal bovine serum
(HyClone, USA), whereas the RKO cell line was cultured
in MEM cell culturing medium supplemented with 10 %
fetal bovine serum. Additionally, FHC cell line was also
purchased from ATCC and was cultured in DMEM/F12
supplemented with 10 % fetal bovine serum (HyClone,
USA), 10 ng/ml cholera toxin (Sigma, USA), 0.005 mg/ml
insulin (Roche, USA), 0.005 mg/ml transferrin (Sigma,
USA), and 100 ng/ml hydrocortisone (Sigma, USA). Cells
were grown in a humidified incubator at 37 °C with 5 %
CO,. LY294002 (Akt inhibitor) and SP600125 (JNK
inhibitor) were purchased from CST manufacturer (USA)
and were diluted to the final concentration 50 and 25 uM
by adding the normal medium, respectively.

Clinical Samples

For validation of transgelin expression in 11 normal human
colon and 18 CRC tissue samples, primary postoperative
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CRCs and normal epithelium specimens were obtained
from Sun Yat-sen Memorial Hospital. All tissues were
histologically verified with hematoxylin and eosin staining
by a pathologist. Informed consent was obtained from all
participants of the study according to the Internal Review
and Ethics Boards of Sun Yat-sen University Cancer
Center, Guangzhou, China.

Small Interfering RNAs (siRNAs) Transfection

Effective siRNA targeting of human transgelin was per-
formed according to the protocol which was established in
the previous study [14]. Small interfering RNAs were
synthesized by RiboBio (Guangzhou, China), and SW620
cells (I x 10° were seeded in six-well plates and trans-
fected using RNAIMAX reagent (Invitrogen Life Tech-
nologies, USA) for 48 h. Subsequently, quantitative real-
time PCR analysis was performed to verify the changes in
transgelin mRNA expression.

RNA Extraction, Reverse Transcription,
and Quantitative Real-Time PCR

Total RNA was extracted using TRIzol reagent (Invitrogen
Life Technologies, USA) and reverse transcribed with the RT
kit from TaKaRa Biotechnology Co. Ltd. (Dalian, China).
The primers used in this analysis for transgelin (target gene)
were as follows: forward: GTTCCAGACTGTTGACCTCT
TT, reverse: CTGCGCTTTCTTCATAAACC; for GAPDH
(endogenous control), forward: TGGTGAAGACGCCAGT
GGA, reverse: GCACCGTAAGGCTGAGAAC. The qRT-
PCR was performed using a Light Cycler® 480 SYBR Green I
Master mix (Roche, USA) on a Light Cycler® 480 System
(Roche, USA) according to the manufacturer’s instructions.
The PCR conditions were as follows: 95 °C for 30 s, 35 cycles
at 95 °C for 5 s, then 60 °C for 30 s. The relative mRNA
expression was calculated using the pAACt comparative CT
method.

Western Blot

Cells were lysed in RIPA buffer (Beyotime, China) con-
taining protease and phosphatase inhibitors (complete Mini,
EDTA-free Protease Inhibitor Cocktail and PhosSTOP
Phosphatase Inhibitor Cocktail, Roche, USA). Protein
lysates were centrifuged, and the supernatants were col-
lected for protein quantification using the bicinchoninic acid
assay kit (Pierce, USA). Protein lysates were resolved
through 8-10 % SDS-PAGE (Beyotime, China) and elec-
trophoretically transferred to nitrocellulose membranes
(Millipore, USA). Membranes were then probed with anti-
bodies against transgelin (1:1000, ab155272 Abcam, USA),
P-AKT (1:1000, cat. No. 13038, CST, USA) and P-JNK
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(1:1000, cat. No. 4668, CST, USA), and Akt (1:1000, cat.
No. 4685, CST, USA) and JNK (1:1000, cat. No. 9252,
CST, USA). GAPDH (1:800, cat. No. 5174, CST, USA) was
used as protein loading control. Followed by HRP-conju-
gated goat anti-rabbit IgG (1:1000, CST, USA) as the sec-
ondary antibody, the intensity of the proteins was visualized
with Syngene G:BOX Chemi XT4 fluorescence and
chemiluminescence gel imaging system (Cambridge, UK).

Cell Migration Assay

Five groups of SW620 cells (I x 10°) were suspended in
serum-free RMPI-1640 medium and seeded into the upper
chambers of 24-well transwell plates (Corning, USA). The
lower chamber of each well was incubated with 500 pl of
RPMI-1640 with 40 % FBS at 37 °C for 18 h. Cells were
fixed with 4 % paraformaldehyde and stained with crystal
violet, and non-migratory cells on the upper chamber were
removed with a cotton swab. Migrated cells on the other
side of the filter were counted in 10 random high-power
fields. All experiments were performed in triplicate.

Cell Invasion Assay

The invasion assay was performed using the Bio-Coat
Matrigel invasion assay system (BD, USA) following the
manufacturer’s protocol. Five groups of SW620 cells were
suspended in serum-free RPMI-1640 medium and seeded
into the upper chambers of 24-well transwell plates. FBS
(10 %) was added to the bottom chambers. After 24 h, the
cells on the upper side were removed with a cotton swab,
while the cells on the bottom side of the filter were fixed
with 4 % paraformaldehyde, stained with crystal violet,
and counted. The invasive rate was expressed as a per-
centage of control. All experiments were performed in
triplicate.

Actin Cytoskeleton Staining

For the analysis of actin cytoskeleton, SW620 cells were
stimulated by CXCL12 (100 ng/ml; peprotech) for 30 min
after incubated with LY294002 or SP600125 as well as
siRNA-targeting transgelin. After fixing with 4 %
paraformaldehyde (Yonglin, China) and permeabilization
with 0.1 % Triton-X 100 (Sigma, USA), cells were stained
with rhodamine-conjugated phalloidin (Invitrogen, USA)
for 30 min. Then, the fluorescent images were captured by
fluorescent microscopy (Olympus DP72, Japan).

Statistical Analysis

Statistical analyses were performed using SPSS 20.0 soft-
ware (SPSS Inc., USA). The values were expressed as
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mean =+ standard deviation (SD) of three independent
experiments, and the significance of the differences
between two groups was calculated using a two-tailed
Student’s ¢ test. Transgelin expression was compared
between CRC tissues with lymphatic metastasis (LM) and
CRC tissues or normal tissues using the Wilcoxon signed-
rank test. p values <0.05 were considered to be statistically
significant.

Acknowledgments We acknowledge Dr. Wang He and Dr. Bing-
kun Li for their assistance in reading this article.

Financial support Ying Lin was supported by the National Natural
Science Foundation of China for Young Scientists Grant (No.
30901782).

Author contributions Huimin Zhou and Qikui Chen conceived and
designed the experiments; Huimin Zhou and Yiming Zhang per-
formed the experiments; Ying Lin analyzed the data; and Huimin
Zhou wrote the paper.

Compliance with ethical standards
Conflict of interest The authors declare no conflict of interest.

Ethical standard All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all indi-
vidual participants included in the study.

References

1. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014.
CA Cancer J Clin. 2014;64:104-117.

2. Coppede F, Lopomo A, Spisni R, Migliore L. Genetic and epi-
genetic biomarkers for diagnosis, prognosis and treatment of
colorectal cancer. World J Gastroenterol. 2014;20:943-956.

3. Agarwal E, Brattain MG, Chowdhury S. Cell survival and
metastasis regulation by Akt signaling in colorectal cancer. Cell
Signal. 2013;25:1711-1719.

4. Dvorakova M, Nenutil R, Bouchal P. Transgelins, cytoskeletal
proteins implicated in different aspects of cancer development.
Expert Rev Proteomics. 2014;11:149-165.

10.

11.

12.

14.

15.

16.

17.

19.

20.

21.

. Zhang J, Song MQ, Zhu JS, et al. Identification of differentially-

expressed proteins between early submucosal non-invasive and
invasive colorectal cancer using 2D-DIGE and mass spectrome-
try. Int J Immunopathol Pharmacol. 2011;24:849-859.

. Huang Q, Huang Q, Chen W, et al. Identification of transgelin as a

potential novel biomarker for gastric adenocarcinoma based on
proteomics  technology. J Cancer Res Clin  Oncol.
2008;134:1219-1227.

. Ryu JW, Kim HJ, Lee YS, et al. The proteomics approach to find

biomarkers in gastric cancer. J Korean Med Sci. 2003;18:505-509.

. Kim HJ, Kang UB, Lee H, et al. Profiling of differentially

expressed proteins in stage IV colorectal cancers with good and
poor outcomes. J Proteomics. 2012;75:2983-2997.

. Lin Y, Buckhaults PJ, Lee JR, et al. Association of the actin-

binding protein transgelin with lymph node metastasis in human
colorectal cancer. Neoplasia. 2009;11:864-873.
Kaplan-Albuquerque N, Garat C, Van Putten V, Nemenoff RA.
Regulation of SM22 alpha expression by arginine vasopressin
and PDGF-BB in vascular smooth muscle cells. Am J Physiol
Heart Circ Physiol. 2003;285:H1444-H1452.

Kim TR, Cho EW, Paik SG, Kim IG. Hypoxia-induced SM22a in
A549 cells activates the IGF1R/PI3K/Akt pathway, conferring
cellular resistance against chemo- and radiation therapy. FEBS
Lett. 2012;586:303-309.

Bader AG, Kang S, Zhao L, Vogt PK. Oncogenic PI3K deregulates
transcription and translation. Nat Rev Cancer. 2005;5:921-929.

. Yang HW, Shin MG, Lee S, et al. Cooperative activation of PI3K by

Ras and Rho family small GTPases. Mol Cell. 2012;47:281-290.
Nguyen DX, Bos PD, Massague J. Metastasis: from dissemination
to organ-specific colonization. Nat Rev Cancer. 2009;9:274-284.
Liu P, Cheng H, Roberts TM, Zhao JJ. Targeting the phospho-
inositide 3-kinase pathway in cancer. Nat Rev Drug Discov.
2009;8:627-644.

Soh JW, Mao Y, Liu L, Thompson WJ, Pamukcu R, Weinstein
IB. Protein kinase G activates the JNK1 pathway via phospho-
rylation of MEKKI1. J Biol Chem. 2001;276:16406—-16410.
Fang JY, Richardson BC. The MAPK signalling pathways and
colorectal cancer. Lancet Oncol. 2005;6:322-327.

. Ebelt ND, Cantrell MA, Van Den Berg CL. c-Jun N-terminal

kinases mediate a wide range of targets in the metastatic cascade.
Genes Cancer. 2013;4:378-387.

Yeo M, Park HJ, Kim DK, et al. Loss of SM22 is a characteristic
signature of colon carcinogenesis and its restoration suppresses
colon tumorigenicity in vivo and in vitro. Cancer.
2010;116:2581-2589.

Zhang Y, Ye Y, Shen D, et al. Identification of transgelin-2 as a
biomarker of colorectal cancer by laser capture microdissection and
quantitative proteome analysis. Cancer Sci. 2010;101:523-529.
Chunhua L, Donglan L, Xiugiong F, et al. Apigenin up-regulates
transgelin and inhibits invasion and migration of colorectal can-
cer through decreased phosphorylation of AKT. J Nutr Biochem.
2013;24:1766-1775.

@ Springer



	AKT and JNK Signaling Pathways Increase the Metastatic Potential of Colorectal Cancer Cells by Altering Transgelin Expression
	Abstract
	Background
	Aims
	Methods
	Results
	Conclusion

	Introduction
	Results
	P-AKT and P-JNK Expression in SW620, RKO, and LoVo Colorectal Cancer Cell Lines
	Transgelin Expression in CRC Cell Lines, Normal Colon, and CRC Tissue Samples
	Transgelin May Be a Downstream Target of AKT or JNK Signaling
	AKT or JNK Signaling Pathways May Promote Cell Migration and Invasion in CRC Partly by Activation of Transgelin
	AKT or JNK Signaling Pathways May Regulate Actin Cytoskeleton by Activation of Transgelin in Human CRC Cells

	Discussion
	Materials and Methods
	Cell Lines and Cell Culture
	Clinical Samples
	Small Interfering RNAs (siRNAs) Transfection
	RNA Extraction, Reverse Transcription, and Quantitative Real-Time PCR
	Western Blot
	Cell Migration Assay
	Cell Invasion Assay
	Actin Cytoskeleton Staining
	Statistical Analysis

	Acknowledgments
	References




