Int J Clin Exp Med 2016;9(8):15354-15362
www.ijcem.com /ISSN:1940-5901/1JCEM0020048

Original Article

Eriocalyxin B induces apoptosis and inhibits
migration through down-regulation of

RTKN in human colon cancer

Wen-Hui Tao?, Rui Zhou?, Mei-Fang Huang?, You-Li Xie?

1Department of Gastroenterology & Hepatology, 2Department of General Surgery, Zhongnan Hospital of Wuhan
University, 169 Donghu Road, Wuhan 430071, China

Received November 18, 2015; Accepted January 25, 2016; Epub August 15, 2016; Published August 30, 2016

Abstract: Like many epithelial-derived cancers, colon cancer results from a multistep tumorigenic process. However,
the detailed mechanisms involved in colon cancer formations are poorly characterized. This study was aimed to
elucidate the antitumor effect of Eriocalyxin B in colon cancer LOVO cells and the possible molecular mechanism
involved. The results showed that Eriocalyxin B could inhibit the growth and migration, and induce apoptosis of LOVO
cells significantly in a dose-dependent manner. The expression level of RTKN was significantly decreased after LOVO
cells treated with Eriocalyxin B. However, these effects of Eriocalyxin B were reversed by overexpression of RTKN in
LOVO cells. Furthermore, the expression level of NF-kBp65 was significantly increased in Eriocalyxin B-treated LOVO
cells with RTKN overexpression. We therefore conclude that Eriocalyxin B exhibited significant growth and migration
inhibition of LOVO cells and induced apoptosis of LOVO cells via the down-regulation of RTKN expression and inhibi-
tion of NF-kB activation.
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Introduction

Colon cancer is the third most commonly diag-
nosed cancer in the world and 1.2 million of
new cases are yearly diagnosed [1]. As dietary
habits have changed in recent years, the num-
ber of cases of colon cancer has been increas-
ing faster in the Eastern world [2]. Colon cancer
can be treated effectively with surgical resec-
tion, chemotherapy, radiation therapy and
immunotherapy, among which surgical resec-
tion is considered as the first choice worldwide.
However, 25% of patients with a five-year sur-
vival of 10% that present with metastatic dis-
ease [3]. Although a variety of therapeutic strat-
egies for metastatic colon cancer have been
evaluated over the last decade, the present
knowledge of the cellular and molecular mech-
anisms of colon cancer can predict no biologi-
cal parameter for the behavior of cancers.
Therefore, an effective approach for the treat-
ment of colon cancer patients is critical.

Natural products provide many promising sour-
ces of potential anticancer agents, which were
originally isolated from plants, therefore, con-

sidered as one of the most vital sources for
the development of novel anticancer drugs [4,
5]. Eriocalyxin B is a natural diterpenoid com-
pound isolated from Isodon eriocalyx, a herb
of the Labiatae family distributed in the south-
west China. It has been reported to have wide
spectrum of biological effects, including anti-
bacterial and anti-inflammatory effects in tradi-
tional Chinese medicine [6, 7]. In murine xeno-
graft lymphoma models, it significantly inhibit-
ed lymphoma cell proliferation and induced
apoptosis associated with caspase activation
[8]. Furthermore, Eriocalyxin B inhibited prolif-
eration and induced apoptosis in cancer cells in
vitro, including leukemia [6], ovarian cancer [9]
and pancreatic cancer [10]. In some cases, the
mechanism of Eriocalyxin B induced apoptosis
of lymphoma and leukemia through increasing
intracellular ROS levels and suppressing NF-kB
pathway [11, 12]. However, the cytotoxic effects
of Eriocalyxin B on colon cancer and its mecha-
nism were still poorly understood.

RTKN is a Rho effector protein, initially isolated
as a scaffold protein interacting with GTP-
bound form of Rho [13]. Previous studies
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Figure 1. Eriocalyxin B inhibited the viability of LOVO
cells. Cell viability was measured by the Cell Count
Kit-8 (CCK-8). Eriocalyxin B (1, 3 and 5 uM) signifi-
cantly inhibited LOVO cells viability in a time- and
dose-dependent manner when compared with the
control group. Date are presented as mean * SD
(standard deviation) (n = 3). EB, Eriocalyxin B. "P <
0.05, #P < 0.01 compared with control groups.

showed that RTKN is overexpressed in several
human cancers, including gastric [14], breast
[15], bladder [16] and colon [17], and inhibits
apoptosis through activating Rho/RTKN/NF-kB
pathway to induce the expressions of anti-
apoptotic proteins [18]. In line with the pro-sur-
vival effect of Rho/RTKN/NF-kB signaling path-
way, we also showed that overexpression of
RTKN leads to resistance of Eriocalyxin B
induced apoptosis and migration inhibition in
LOVO cells, and activation of NF-kB greatly
increases the resistance to Eriocalyxin B, sug-
gesting that RTKN-dependent NF-kB path-
way may represent a target for treating colon
cancer.

Materials and methods
Cell culture

Human colon cancer cell line LOVO was ob-
tained from Shanghai Institute of Cell Biology
(Shanghai, China). LOVO cells were cultured to
80% confluence in low-glucose DMEM (Invi-
trogen Life Technologies, Carlsbad, CA, USA)
supplemented with 10% (v/v) fetal bovine se-
rum (Invitrogen Life Technologies), 100 1U/ml
penicillin (Invitrogen Life Technologies) and 10
mg/ml streptomycin (Invitrogen Life Techno-
logies). All cells were maintained at 37°C in 5%
CO,,.
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Cell viability assay

Cell viability was assessed by Cell Counting
Kit (CCK)-8 kit (Tongren, Shanghai, China).
Briefly, 4 x 103 LOVO cells were seeded in each
96-well plate and further treated with various
concentrations of Eriocalyxin B (1, 3 and 5 uM),
and incubated for O, 24, 48 and 72 h, respec-
tively. CCK-8 reagent was added to each well at
1 h before the endpoint of incubation. The opti-
cal density (OD) 450 nm values in each well
were determined by a microplate reader (Ther-
mo Fisher Scientific Inc., Waltham, MA, USA).
Experiments were repeated at least three
times each time in triplicate.

Cell apoptosis assay

Apoptosis was determined by flow cytometry
analysis. Briefly, LOVO cells with different con-
centrations of Eriocalyxin B (1, 3 and 5 pM)
treatment for 48 h and were seeded into 6-well
plates. The cells were subsequently collected
by trypsinization (JRDUN Biotechnology, Shang-
hai, China) and incubated with annexin V-fluo-
resce in isothiocyanate (FITC) and propidium
lodide, prior to analysis by a flow cytometry (BD
Biosciences, Franklin Lakes, NJ, USA).

Cell migration assay

The migration of the LOVO cells were measured
using a Transwell assay as previously described.
Briefly, LOVO cells were treated with various
concentrations of Eriocalyxin B (1, 3 and 5 pM)
and plated into the top chamber. The chambers
were subsequently placed in a 37°C incubator
for 48 h. The filters were fixed with 4% metha-
nol and stained with 0.5% methylrosanilinium
chloride solution (JRDUN Biotechnology) for 30
min. Evaluation of the number of migratory
cells was performed under a microscope (x
200; Olympus Corporation, Tokyo, Japan).

Quantitative real-time PCR

Total RNA was isolated from LOVO cells us-
ing the TRIzol reagent according to the manu-
facturer’s instructions. The primers for RTKN
and GAPDH were purchased from Sangon
Biotech Co., Ltd. (Shanghai, China). The levels
of RTKN and GAPDH were examined using
the forward primer, 5-GCCGCTGCTTACTATT-
GC-3’ (RTKN) and 5-CACCCACTCCTCCACCTT-
TG-3' (GAPDH), and reverse primer, 5-GTGC-
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Figure 2. Effects of Eriocalyxin B on apoptosis of LOVO cells. A. Annexin-V/PI double stain assay and flow cytometry
analysis were carried out to substantiate cell apoptosis. B. Treatment of Eriocalyxin B at doses of 1, 3 and 5 uM for
48 h dose-dependently increased the apoptotic population of LOVO cells. Date are presented as mean + SD (stan-
dard deviation) (n = 3). EB, Eriocalyxin B. *P < 0.01 compared with control groups.

TTCCCGACTTTCTG-3’" (RTKN) and 5-CCACCA-
CCCTGTTGCTGTAG-3’ (GAPDH). RT-gPCR analy-
ses were performed using SYBR Green (Takara
Biotechnology Co., Ltd., Dalian, China), and
data collection was conducted using an ABI
7500 (Applied Biosystems Life Technologies,
Foster City, CA, USA). GAPDH was used an inter-
nal control for normalization. The gene expres-
sion was calculated using the 2*2°t method.

Western blotting

Cell lysates were prepared in RIPA buffer and
total protein concentration was quantified by
the BCA assay. Lysates were separated by 10%
SDS-PAGE and transferred to PVDF mem-
branes. Blots were blocked in 5% free-fat milk
for 2 h and incubated with primary antibodies
against RTKN (1:1000; Abcam, Cambridge, MA,
USA), NF-kBp65 (1:1000; Cell Signaling Tech-
nology, Inc., Beverley, MA, USA), H3 (1:1000,
Cell Signaling Technology) and GAPDH (1:1500,
Cell Signaling Technology) overnight at 37°C,
followed by horseradish peroxidase-conjugat-
ed secondary antibody IgG (1:1000, Beyotime
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Institute of Biotechnology, Haimen, China). The
blots were visualized using enhanced chemi-
luminescence (EMD Millipore, Billerica, MA,
USA), and the signals were quantified by densi-
tometry using Quantity One software version
4.62 (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

Construction of stable cell lines

RTKN coding sequence was purchased from
Sangon Biotech (Shanghai, China). The se-
quence was cloned into the lentiviral vector
(PLKO.1-EGFP, Sangon Biotech). The produc-
tion, purification, and titration of lentivirus
were performed as previously described [19].
The viruses were collected at 48 h following
transfection and were used to infect the LOVO
cells. Cell apoptosis, migration, gRT-PCR and
Western blot were performed 48 h following
infection, as previously described.

Statistical analysis

Experimental data were presented as mean +
SD of at least three independent replicates
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Figure 3. Effects of Eriocalyxin B on migration of LOVO cells. A. Transwell analysis was carried out to substantiate
cell migration. B. Treatment of Eriocalyxin B at doses of 1, 3 and 5 uM for 48 h dose-dependently decreased the
number of migratory LOVO cells. Date are presented as mean + SD (standard deviation) (n = 3). EB, Eriocalyxin B.

#P < 0.01 compared with control groups.

through analyzing with GraphPad Prism 5
(GraphPad Software, La Jolla, CA) and assess-
ing comparisons between different groups by
the Student’s t test. Differences were consid-
ered significant at values of P < 0.05.

Results

Eriocalyxin B inhibits proliferation of LOVO
cells

To investigate the growth inhibition effects of
Eriocalyxin B on LOVO cells, cell viability was
evaluated by CCK-8 after treatment with vari-
ous concentrations of Eriocalyxin B for O, 24,
48 and 72 h. As shown in Figure 1, Eriocalyxin
B had significant growth inhibition effects on
the LOVO cells in a dose- and time- dependent
manner. Cell viability was decreased remark-
ably after the LOVO cells were treated with
Eriocalyxin B at 1 uM for 48 h.

Eriocalyxin B induces apoptosis of LOVO cells

An annexin-V fluorescein isothiocyanate (FITC)/
propidium iodide (Pl) double stain assay and
flow cytometry analysis were carried out to sub-
stantiate cell apoptosis induced by Eriocalyxin
B treatment under various concentrations. The
number of apoptotic cells counted as late apop-
totic cells shown in the upper right quadrant
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and the early apoptotic cells as shown in lower
right quadrant of the histograms. As shown in
Figure 2A, 2B, treatment of Eriocalyxin B at the
dose of 1, 3 and 5 uM for 48 h significantly
increased the number of early apoptotic cells,
respectively, from 13.02% + 1.86% to 36.04%
+ 5.03% in a dose-dependent manner com-
pared with control cells with that of 4.57% =+
0.84%. The significant induction of apoptosis
indicated the anticancer effect of Eriocalyxin B
against LOVO cells.

Eriocalyxin B inhibits migration of LOVO cells

LOVO cells were treated with different concen-
trations of Eriocalyxin B for 48 h, and then
cell migration analyzed by Transwell assay. As
shown in Figure 3A, 3B, treatment of Erio-
calyxin B at the dose of 1, 3 and 5 uM for 48 h
significantly decreased the number of migrato-
ry cells in a dose-dependent manner, from
125.4 + 6.23 to 32.2 + 5.63 compared with
control cells at 174 + 14.61.

Eriocalyxin B down-regulates RTKN expression
in LOVO cells

To investigate the mechanism underlying Erio-
calyxin B affects LOVO cell viability, apoptosis
and migration, we also tested the expression
of RTKN, which has been reported up-regulated

Int J Clin Exp Med 2016;9(8):15354-15362
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Figure 4. Effects of Eriocalyxin B on RTKN expres-
sion. The expression of RTKN was analyzed by qRT-
PCR and Western blot assays. Eriocalyxin B signifi-
cantly decreased RTKN levels in a dose-dependent
manner. Date are presented as mean + SD (standard
deviation) (n = 3). EB, Eriocalyxin B. *P < 0.01 com-
pared with control groups.

in colon cancer cells [17]. As shown in Figure 4,
the expression of RTKN was significantly de-
creased in LOVO cells, at both mRNA and pro-
tein levels, treated with various concentrations
of Eriocalyxin B, and the protein levels normal-
ized by GAPDH decreased from 0.4005 +
0.0601 to 0.1234 + 0.0259 in a dose-depen-
dent manner compared with control cells with
that of 0.5946 + 0.0657. These results sug-
gest that Eriocalyxin B induced apoptosis may
through down-regulation of RTKN.

Overexpression of RTKN inhibits apoptosis and
induces migration of LOVO cells

The above results prompted us to examine
whether the suppressive effect of Eriocalyxin B
is mediated by repression of RTKN in LOVO
cells. Therefore, a RTKN stably expressed LOVO
cells was construction, and the expression of
RTKN was also detected by gRT-PCR and
Western blotting. The results showed that over-
expression of RTKN significantly increased the
expression of RTKN in LOVO cells with 1 uM of
Eriocalyxin B treatment, as compared to the
cells without RTKN overexpression (Figure 5A).
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To further validate the hypothesis, we also de-
tected the apoptotic rate and migratory abi-
lity of LOVO cells stably overexpressing RTKN.
The results showed that RTKN overexpression
significantly inhibited cell apoptosis in LOVO
cells treated with 1 yM of Eriocalyxin B com-
pared with the cells without RTKN overexpres-
sion. The apoptotic rate of Eriocalyxin B treated
LOVO cells was decreased from 15.39% =+
1.75% to 10.03% + 1.51% after RTKN over-
expression, opposite to that induced by Erio-
calyxin B (Figure 5B, 5C). At the same time, the
number of migratory cells was notably increased
from 121.6 + 13.13 to 158.0 + 10.63 in
Eriocalyxin B treated LOVO cells after RTKN
overexpression (Figure 5D and 5E). These data
indicate that Eriocalyxin B induces apoptosis
and inhibits migration through down-regulation
of RTKN in LOVO cells.

Overexpression of RTKN activates NF-kBp65 in
LOVO cells

Recent reports revealed that RTKN inhibits
apoptosis through activation of NF-kB pathway,
therefore we also detected the intranuclear
activation of NF-kB in Eriocalyxin B-treated
LOVO cells after RTKN overexpression. Over-
expression of RTKN significantly increased the
expression of NF-kBp65 in LOVO cells with 1
UM of Eriocalyxin B treatment, as compared to
the cells without RTKN overexpression (Figure
6). These data indicate that the effect of
Eriocalyxin B on LOVO cells may through inhibi-
tion of RTKN-dependent NF-kB activation.

Discussion

Human colon cancer is the fourth most com-
mon type of cancer in men and, the third most
common in women worldwide, accounting for
8% of all cancer-associated mortality [20].
Accumulating evidence has shown that some
natural products such as saffron [21] and cur-
cumin [22] and many others have growth inhibi-
tory and apoptosis inducing effects both in
vitro and in vivo. To date, to the best of our
knowledge, no study has explored the effects
of Eriocalyxin B on the development and pro-
gression of human colon cancer. Therefore, our
studies aimed to investigate the role of
Eriocalyxin B in human colon cancer cell growth,
apoptosis and migration.

Several studies have reported that Eriocalyxin
B suppressed cancer cell proliferation and

Int J Clin Exp Med 2016;9(8):15354-15362
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Figure 5. Effects of RTKN overexpression on apoptosis and migration of LOVO cells. A. The RTKN expression was

analyzed by qRT-PCR and Western blot in LOVO cells treat

ed with 1 uM of Eriocalyxin B and stably overexpressing

RTKN. B. Annexin-V/PI double stain assay and flow cytometry analysis were carried out to substantiate cell apopto-
sis. C. Overexpression of RTKN significantly increased apoptotic rate in Eriocalyxin B-treated LOVO cells. D. Transwell
analysis was carried out to substantiate cell migration. E. Overexpression of RTKN significantly decreased the num-

ber of migratory cells in Eriocalyxin B-treated LOVO cells.
(n = 3). EB, Eriocalyxin B. *P < 0.01 compared with control
treated with 1 uM of Eriocalyxin B.

induced apoptosis through a mechanism that
differentially in different cancers [23]. For
example, Eriocalyxin B induces apoptosis and
cell cycle arrest in pancreatic adenocarcinoma
cells through caspase- and p53-dependent
pathways [10]. Additionally, Eriocalyxin B has
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Date are presented as mean + SD (standard deviation)
groups. “P < 0.05, “*P < 0.01 compared with LOVO cells

been shown to induce apoptosis of leukemia
cells through NF-kB and MAPK signaling path-
ways [6]. In this study, we demonstrated that
Eriocalyxin B inhibited human colon cancer
LOVO cells proliferation and migration, and in-
duced apoptosis in a dose-dependent manner.

Int J Clin Exp Med 2016;9(8):15354-15362



Eriocalyxin B downregulates RTKN

NF-kBp65 e o= W= 65kDa

H3 o o ssss 17 kDa

©
E 1.2-
c
E 0.9
(o]
5.06' *%
:g #
Q_O.S"
2
£ 5 & 8
N
NY o
¥ &
O
s &
VvVON
(0]
o
v

Figure 6. Effects of RTKN overexpression on NF-kB
activation. The expression of intracellular NF-kBp65
was measured by Western blotting. Overexpression
of RTKN significantly increased NF-kBp65 levels in
Eriocalyxin B-treated LOVO cells. Date are presented
as mean * SD (standard deviation) (n = 3). EB, Erio-
calyxin B. #P < 0.01 compared with control groups.
“*P < 0.01 compared with LOVO cells treated with 1
UM of Eriocalyxin B.

Numerous genes regulated by signal transduc-
ers and transcription activators were involved
in cancer processes, therefore it was hypothe-
sized that Eriocalyxin B functions in human
colon cancer by modulating genes that associ-
ated with cancer.

RTKN, the gene coding for the Rho effector,
was shown to be expressed at a low level in
normal cells and was overexpressed in many
cancer cell line [18]. Importantly, RTKN has
been reported overexpressed in human colon
cancer cells and associated with growth, cycle,
apoptosis and migration [17]. Therefore, we fur-
ther detected the effect of Eriocalyxin B on
expression of RTKN, which may clarify the
mechanism involved. Our findings showed that
Eriocalyxin B significantly decreased the ex-
pression of RTKN in a dose-dependent manner
in LOVO cells at both mRNA and protein levels.
These data suggest that the effects of Erio-
calyxin B on LOVO cells proliferation, apoptosis
and migration may through down-regulation of
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RTKN. To further validate the hypothesis, we
introduced the LOVO cells stably overexpressed
RTKN. Overexpression of RTKN in Eriocalyxin
B-treated LOVO cells significantly inhibited the
apoptosis and increased the number of migra-
tory cells, suggesting that RTKN could resistant
of Eriocalyxin B induced effects on LOVO cells.

Elevated NF-kB activity has been found in a
number of malignant tumors [24-26]. In certain
breast and pancreatic tumors and cell lines,
the autocrine action of IL-1 and IL-13 has been
described to induce NF-kB-dependent protec-
tion from apoptosis [27, 28]. Complementary
to these findings, our data have clearly demon-
strated that NF-kB activity was a results of acti-
vated Rho signaling pathway through overex-
pressed RTKN in LOVO cells. These data sug-
gest that RTKN overexpression renders cells
resistant to apoptotic insults and recovered
the ability of migration, and may therefore rep-
resent an important molecular event in human
colon cancer.

In summary, we found Eriocalyxin B inhibits pro-
liferation and migration, and induces apopto-
sis and RTKN expression decreased in LOVO
cells. However, overexpression of RTKN in LOVO
cells resistant to apoptosis and promotes mi-
gration induced by Eriocalyxin B and also acti-
vation of NF-kB pathway. This may suggest that
Eriocalyxin B inhibits colon cancer processes
through down-regulation of RTKN-dependent
NF-kB pathway.

Disclosure of conflict of interest
None.

Address correspondence to: You-Li Xie, Department
of General Surgery, Zhong-Nan Hospital of Wuhan
University, 169 Donghu Road, Wuhan 430071,
China. Tel: +86-1810865-6613; E-mail: 165757337-
6@qqg.com

References

[1] Jemal A, Center MM, DeSantis C, Ward EM.
Global patterns of cancer incidence and mor-
tality rates and trends. Cancer Epidem Bio-
markers Prev 2010; 19: 1893-1907.

[2] Siegel R, Naishadham D, Jemal A. Cancer sta-
tistics, 2013. CA Cancer J Clin 2013; 63: 11-
30.

Int J Clin Exp Med 2016;9(8):15354-15362


mailto:165757337
6@qq.com
mailto:165757337
6@qq.com

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Eriocalyxin B downregulates RTKN

Yang VW, Lewis J, Wang TC, Rustgi AK. Colon
cancer: an update and future directions. Gas-
troenterology 2010; 138: 2027-2028.

Amin AR, Kucuk O, Khuri FR, Shin DM.
Perspectives for cancer prevention with natu-
ral compounds. J Clin Oncol 2009; 27: 2712-
2725.

Kaur R, Kapoor K, Kaur H. Plants as a source
of anticancer agents. J Nat Prod Plant Resour
2011; 1: 119-124.

Wang L, Zhao W, Yan J, Liu P, Sun H, Zhou G,
Weng Z, Wu W, Weng X, Sun X. Eriocalyxin B
induces apoptosis of t (8; 21) leukemia cells
through NF-kB and MAPK signaling pathways
and triggers degradation of AML1-ETO oncop-
rotein in a caspase-3-dependent manner. Cell
Death Differ 2007; 14: 306-317.

lkezoe T, Chen SS, Tong XJ, Heber D, Taguchi H,
Koeffler HP. Oridonin induces growth inhibition
and apoptosis of a variety of human cancer
cells. Int J Oncol 2003; 23: 1187-1193.

Zhao FW, Luo M, Wang YH, Li ML, Tang GH,
Long CL. A piperidine alkaloid and limonoids
from Arisaema decipiens, a traditional antitu-
mor herb used by the Dong people. Arch Pharm
Res 2010; 33: 1735-1739.

Leizer AL, Alvero AB, Fu HH, Holmberg JC,
Cheng YC, Silasi DA, Rutherford T, Mor G.
Regulation of Inflammation by the NF-«kB
Pathway in Ovarian Cancer Stem Cells. Am J
Reprod Immunol 2011; 65: 438-447.

Li L, Yue GG, Lau CB, Sun H, Fung KP, Leung
PC, Han Q, Leung PS. Eriocalyxin B induces
apoptosis and cell cycle arrest in pancreatic
adenocarcinoma cells through caspase-and
p53-dependent pathways. Toxicol Appl Phar-
macol 2012; 262: 80-90.

Zhang YW, Jiang XX, Chen QS, Shi WY, Wang L,
Sun HD, Shen ZX, Chen Z, Chen SJ, Zhao WL.
Eriocalyxin B induces apoptosis in lymphoma
cells through multiple cellular signaling path-
ways. Exp Hematol 2010; 38: 191-201.

Leung CH, Grill SP, Lam W, Gao W, Sun HD,
Cheng YC. Eriocalyxin B inhibits nuclear factor-
kB activation by interfering with the binding of
both p65 and p50 to the response element in
a noncompetitive manner. Mol Pharmacol
2006; 70: 1946-1955.

Reid T, Furuyashiki T, Ishizaki T, Watanabe G,
Watanabe N, Fujisawa K, Morii N, Madaule P,
Narumiya S. Rhotekin, a new putative target
for Rho bearing homology to a serine/threo-
nine kinase, PKN, and rhophilin in the rho-
binding domain. J Biol Chem 1996; 271:
13556-13560.

Liu CA, Wang MJ, Chi CW, Wu CW, Chen JY.
Overexpression of rho effector rhotekin con-

15361

(16]

(17]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

fers increased survival in gastric adenocarci-
noma. J Biomed Sci 2004; 11: 661-670.
Wang S, Bian C, Yang Z, Bo Y, Li J, Zeng L, Zhou
H, Zhao RC. miR-145 inhibits breast cancer
cell growth through RTKN. Int J Oncol 2009;
34: 1461-1466.

Fan J, Ma LJ, Xia SJ, Yu L, Fu Q, Wu CQ, Huang
XH, Jiang JM, Tang XD. Association between
clinical characteristics and expression abun-
dance of RTKN gene in human bladder carci-
noma tissues from Chinese patients. J Cancer
Res Clin Oncol 2005; 131: 157-162.

Qu GQ, Lu YM, Liu YF, Liu Y, Chen WX, Liao XH,
Kong WM. Effect of RTKN on progression and
metastasis of colon cancer in vitro. Biomed
Pharmacother 2015; 74: 117-123.

Liu CA, Wang MJ, Chi CW, Wu CW, Chen JY.
Rho/Rhotekin-mediated NF-kB activation con-
fers resistance to apoptosis. Oncogene 2004;
23: 8731-8742.

Xiong S, Zheng Y, Jiang P, Liu R, Liu X, Chu Y.
MicroRNA-7 inhibits the growth of human non-
small cell lung cancer A549 cells through tar-
geting BCL-2. Int J Biol Sci 2011; 7: 805.
Moghimi-Dehkordi B, Safaee A. An overview of
colorectal cancer survival rates and prognosis
in Asia. World J Gastrointest Oncol 2012; 4: 71.
Bajbouj K, Schulze-Luehrmann J, Diermeier S,
Amin A, Schneider-Stock R. The anticancer ef-
fect of saffron in two p53 isogenic colorectal
cancer cell lines. BMC Complement Altern Med
2012; 12: 69.

Sarkar FH, Li Y. Harnessing the fruits of nature
for the development of multi-targeted cancer
therapeutics. Cancer Treat Rev 2009; 35: 597-
607.

Lu Y, Chen B, Song JH, Zhen T, Wang BY, Li X,
Liu P, Yang X, Zhang QL, Xi XD. Eriocalyxin B
ameliorates experimental autoimmune en-
cephalomyelitis by suppressing Th1l and Th17
cells. Proc Natl Acad Sci U S A 2013; 110:
2258-2263.

Das R, Cheng TF, Saleh A, Yang X, Van Waes C.
LTB receptor and NIK signaling activates the
alternative NF-kB pathway in head and neck
squamous cell carcinoma. Cancer Res 2015;
75:5253-5253.

Longoni N, Albino D, Civenni G, Pinton S, Mello-
Grand M, Ostano P, D’Ambrosio G, Sessa F,
Thalmann GN, Sarti M. ESE1/ELF3 and consti-
tutive activation of NF-kB in human prostate
cancer: prognostic relevance and rationale for
context-dependent therapeutic strategies.
Cancer Res 2013; 73: 3118.

De Simone V, Franzé E, Ronchetti G, Colantoni
A, Fantini M, Di Fusco D, Sica G, Sileri P,
MacDonald T, Pallone F. Th17-type cytokines,

Int J Clin Exp Med 2016;9(8):15354-15362



Eriocalyxin B downregulates RTKN

IL-6 and TNF-a synergistically activate STAT3 [28] Bhat-Nakshatri P, Sweeney CJ, Nakshatri H.
and NF-kB to promote colorectal cancer cell Identification of signal transduction pathways
growth. Oncogene 2015; 34: 3493-3503. involved in constitutive NF-kappaB activation

[27] Arlt A, Vorndamm J, Muerkoster S, Yu H, in breast cancer cells. Oncogene 2002; 21:
Schmidt WE, Folsch UR, Schéafer H. Autocrine 2066-2078.

production of interleukin 1B confers constitu-
tive nuclear factor kB activity and chemoresis-
tance in pancreatic carcinoma cell lines.
Cancer Res 2002; 62: 910-916.

15362 Int J Clin Exp Med 2016;9(8):15354-15362



