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Cholera toxin inhibits human hepatocarcinoma cell
proliferation in vitro via suppressing ATX/LPA axis
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Aim: To investigate the antitumor effect of cholera toxin (CT) in hepatocellular carcinoma (HCC) in vitro and the mechanisms underlying

the effect.

Methods: Human hepatocellular carcinoma cell lines Hep3B and Huh7, which expressed moderate and high level of autotaxin (ATX),
respectively, were used. Cytokine level in the cells was evaluated using ELISA assay, and cell proliferation was investigated using MTT
assay. ATX expression was determined using Western blot. ATX/lyso-PLD activity in the conditioned medium was measured using FS-3,

a fluorescent lysophosphatidylcholine (LPC) analogue, as substrate.

Results: Exposure to CT (7.5 and 10 ng/mL) significantly inhibited the cell growth, decreased secretion of proinflammatory cytokine
TNF-a and promoted secretion of anti-inflammatory cytokines IL-4 and IL-10. CT at 10 ng/mL markedly suppressed ATX expression in
Hep3B and Huh7 cells. Furthermore, ATX and lysophosphatidic acid (LPA) were found to be crucial for growth of the cancer cells. CT
could inhibit TNF-a-induced expression and secretion of ATX that led to decreased activity of lysophospholipase D, thus decreasing the

conversion of LPC to LPA.

Conclusion: CT inhibits hepatocellular carcinoma cell growth in vitro via regulating the ATX-LPA pathway.
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Introduction
Hepatocellular carcinoma (HCC) is the third most common

(2 The increasing
[3]

cause of cancer-related death worldwide
incidence and poor prognosis of hepatocellular carcinoma
emphasize a need to develop effective chemoprevention for
this disease. In recent years, many biological factors with
potential prognostic significance for HCC have been associ-
ated with the invasiveness, metastasis, recurrence, and sur-
vival of HCC!.

Autotaxin (ATX), discovered in human melanoma cells,
was identified as a gene with enhanced mRNA expression in
human hepatitis associated HCC". ATX was initially char-
acterized as an autocrine motility factor found in conditioned
medium from A2058 melanoma cells'®. Since then, it has been
shown that ATX is an important mediator of tumorigenesis
that stimulates angiogenesis, survival, growth, migration, and
invasion of tumor cells””., The impact of ATX on cancer biol-
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ogy is mostly due to its intrinsic lysophospholipase activity,
through which it hydrolyzes lysophosphatidylcholine (LPC)
into lysophosphatidic acid (LPA). ATX plays an important
role in inflammation related liver tumorigenesis, and aberrant
ATX expression may lead to altered LPC/LPA balance and
thus changes in their receptor-mediated functions, resulting in
enhanced tumor progression"”).

LPA acts through the G-protein coupled EDG (endothelial
differentiation gene) receptors to modulate cell motility. EDG
receptor signal transduction is associated with a number of
physiologic and pathophysiological effects. In the context
of cancer, the pathophysiological effects of LPA include
stress fiber formation, membrane ruffling, and lamellipodia
formation”, which have been linked to the malignant pheno-
type.

Cholera toxin (CT) is the major virulent factor of Vibrio chol-
erae and is the most recognizable enterotoxin causing diarrhea,
second only to cardiovascular disease as a cause of death!"l, Tt
is known to bind with high affinity to monosialoganglioside
(GM) on the cell surface and stimulate ADP-ribosylation of
the stimulating G protein of adenylate cyclase, G stimulatory,
resulting in accumulation of cellular cAMP™> . CT has been
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reported to modulate cellular function, including modifica-

tion of cell growth. For example, CT stimulates the growth

of cultured human mammary epithelial cells""
"Iin the presence of serum

and epithelial
cells from normal human bronchus!
or growth factors. In contrast, it has also been shown that CT
influences the proliferation of hormone-dependent rat mam-

mary cancer cells"® (71

and human small-cell lung cancer cells
Although the mechanism behind CT-induced cellular events is
not definitively known at present, it is believed that increased
intracellular cAMP is a participating element. However, Vial-
let et al have reported that elevation of cellular cAMP alone
could not account for CT-induced growth inhibition of human
small-cell lung cancer”. Moreover, the effect of CT on hepa-
tocellular carcinoma remains unclear.

In this study, we examined the direct anti-proliferative
effects of CT on the human hepatocellular carcinoma cell lines,
Hep3B and Huh?, and the indirect effects of CT on cell growth,
through regulation of proinflammatory cytokine secretion and
the ATX/LPA axis in HCC cells.

Materials and methods

Reagents

CT was purchased from Sigma Chemical Co (St Louis, MO,
USA). The polyclonal antibody against ATX was generated

in rabbits as previously described®.

ATX activity assay
reagents were from Echelon Biosciences, Inc (Salt lake City,
UT, USA). Fatty acid-free bovine serum albumin (BSA) was
from Calbiochem-Novabiochem Co (San Diego, CA, USA).
LPC (1-oleoyl) was obtained from Avanti Polar Lipids, Inc
(Alabaster, AL, USA). Kil6425 was from Cayman Chemical

(Ann Arbor, MI, USA).

Cell lines and cell culture

The human hepatocarcinoma cell line Hep3B was purchased
from ATCC (HB-8064™). The human hepatoma Huh-7 cell
line was purchased from Japanese Collection of Research
Bioresources (Tokyo, Japan; JCRB0403). All cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM; Sigma-
Aldrich, St Louis, Mo, USA) supplemented with 10% (v/v)
fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS, USA).
All cultured cells were incubated at 37 °C in a humidified
atmosphere containing 5% CO,. Cells were serum-starved
overnight and then treated with CT. Total RNA was extracted
or cell lysate was prepared after stimulation for the indicated
time.

Proliferation assay

Cell proliferation was evaluated by 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyl tetrazolium bromide (MTT) assay. Cells
were seeded at a density of 5x10° cells per well in 96-well
plates, and the cells were treated with reagents at different
concentrations for 72 h. Four hours prior to reading the plates,
MTT was added under sterile conditions, and the cells were
returned to the incubator. After incubation, the plates were
read in an enzyme-linked immunosorbent assay (ELISA) plate
reader at absorbance measurements of 570 nm. Each experi-
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ment was performed in six replicate wells and independently
repeated four times.

[’H]-TdR incorporation in Hep3B or Huh?7 cells was per-
formed in 96-well microtiter plates. After 48 h in culture, 1
pCi of [6-3H]thymidine (Amersham, Buckinghamshire, UK)
was added for 6 h. At the end of the incubation period, cells
were procured on filters, and the incorporated radioactivity
was counted.

siRNA transfection

The human hepatocarcinoma cell lines Hep3B or Huh7 were
plated on 6-cm dishes. Sixteen hours later, siRNAs (final
concentration of 3 nmol/L) were added to the cells using an
RNAIMAX reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions, and the cells were
further cultured for 24 h. The ATX messenger RNA (mRNA)
level was measured using real-time TagMan technology. A
cell proliferation assay was performed after 24 h of serum
starvation, as described previously. The siRNAs for ATX
(siATX, L-019059), LPA, (siLPA,, L-003656), LPA, (siLPA,,
L-004602), LPA; (siLPA;, L-004895), and non-silencing RNA
(NS, D-001810-10) were obtained from Dharmacon (Lafayette,
CO, USA).

Quantitative real time RT-PCR (qRT-PCR)

Total RNA was isolated from cells using the RNeasy Kkit, fol-
lowing the manufacturer’s instructions (QIAGEN, Valencia,
CA, USA). Total RNA (2 pg) was reverse-transcribed in a
total reaction volume of 20 pL using the high capacity cDNA
reverse transcriptase kit (Applied Biosystems, Foster City,
CA, USA) as described by the manufacturer. Single stranded
cDNA products were then analyzed by real-time PCR using
standard commercially available TagMan probes for ATX
(Hs00196470_m1). The amount of target gene was normal-
ized to the internal standard 185 rRNA (Hs99999901_s1) and
reported as a relative value.

Cytokine concentration assay

Cytokine concentrations were determined using commercially
available enzyme-linked immunosorbent assay (ELISA) kits.
TNF-q, IL-4, and IL-10 secretion from Hep3B and Huh?7 cells
was determined by studies to measure their biological activity
and by an ELISA assay. To measure the biological activity of
these cytokines, Hep3B and Huh?7 cells were plated at a con-
centration of 5x10° cells/well in 96-well plates, and the cells
were treated with CT at different concentrations. After 12 h of
incubation, TNF-a, IL-4, and IL-10 levels were determined by
Quantikine high-sensitivity ELISA kits (R&D Systems; Minne-
apolis, MN, USA), which were used according to the manufac-
turer's instructions.

Preparation of conditioned media and cell lysates and immuno-
blot analysis

Conditioned media were prepared by incubating 80% conflu-
ent cells in dishes for 24 h in serum-free DMEM containing
0.1% fatty acid-free BSA. Media were harvested, clarified
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by centrifugation, and filtered through a 0.22-um filter. The
media were concentrated by Amicon Ultra-15 Centrifugal
Filter Units before being used for immunoblot analysis. At
the same time, total cell lysates were prepared from cell mono-
layers incubated in RIPA buffer [50 mmol/L Tris-HCI, pH
7.4; 150 mmol/L NaCl; 2 mmol/L EDTA, 1 mmol/L sodium
orthovanadate, 1% Nonidet P40; 1% sodium deoxycholate;
0.1% sodium dodecylsulfate (SDS), 2 mmol/L phenylmethyl-
sulfonyl fluoride (PMSF), and protease inhibitor cocktail]. Fif-
teen micrograms of total cellular protein was resolved by SDS-
PAGE. Blots were probed with appropriate antibodies. Anti-
[-actin was used as a loading control.

ATX/lyso-PLD activity assay

The conditioned serum-free medium from Hep3B and Huh7
cells stimulated with reagents was concentrated (40-fold)
using Amicon Ultra 50000 (Millipore). DMEM without cells
was used as a control. ATX/lyso-PLD activity in concentrated
conditioned medium was analyzed using the fluorogenic sub-
strate FS-3 according to the manufacturer’s protocol. Briefly,
10 pL concentrated medium was mixed with 5 uymol/L FS-3
and assayed in a 96-well plate. Changes in fluorescent inten-
sity were measured with a SpectraMax Gemini EM Fluores-
cence Microplate Reader (Molecular Devices, Sunnyvale, CA,
USA) with excitation and emission wavelengths of 485 and
525 nm, respectively.

Lipid extraction and analysis

Lipids were extracted from conditioned media and analyzed
using LC-MS (API-4000, Applied Biosystems)" "l Briefly,
conditioned media were incubated with 15 pmol/L LPC
for 3 h at 37 °C. Samples (1.3 mL) were mixed with 3 mL of
MeOH/ chloroform (2:1) following the addition of 10 uL of
LPA (1 pmol/L) as an internal standard and 10 uL of HCI (6
mol/L). The samples were vortexed for 1 min and incubated
on ice for 10 min. Chloroform (1 mL) and PBS (1x) (0.5 mL)
were added to separate the phases, and samples were vor-
texed for 1 min prior to centrifugation (1750xg for 10 min, at
10 °C). The lower phase was transferred to a new glass tube.
The upper phase was re-extracted using 2 mL chloroform and
combined with the lower phase. After the solvent was evapo-
rated under nitrogen at room temperature, the dried lipids
were re-extracted using 2 mL chloroform and combined with
the lower phase. After evaporating the solvent under nitrogen
at room temperature, the dried lipids were re-suspended in
100 pL of MeOH and 10 uL of sample, respectively, and sub-
sequently used for mass spectrometry (MS) analyses. Typical
operating parameters for MS were as follows: nebulizing gas
(NEB) 15, curtain gas (CUR) 8, collision-activated dissociation
(CAD) gas 35, electro-spray voltage 5000 with positive-ion
MRM mode, and a heater temperature of 500 °C. Precursor
mode 153 was set as the daughter ions of LPA. The dwell
time in the MRM mode was 75 ms. A TARGA C18 5 umol/L,
2.1 mm idx10 mm TR-0121-C185 (Higgins Analytical, South-
borough, MA, USA) HPLC column was used for the separa-

tion of different phospholipids and for the detection of LPAs.
The mobile phase A was MeOH/water/NH,OH (90:10:0.1,
v/v/v). The HPLC separations were performed at 12 min/
sample using the following scheme: 1) 100% A for 3 min with
a flow rate of 0.2 mL/min; 2) the mobile phase was changed
from 100% A to 100% B for 2 min with a flow rate from 0.2 to
0.8 mL/min; 3) a constant flow rate of 0.8 mL/min for 5 min;
4) the mobile phase was changed from 100% B to 100% A for 1
min with a flow rate from 0.8 to 0.2 mL/min; and 5) a constant
flow rate of 0.2 mL/min for 1 min.

Statistical analysis

All data are presented as meantSD. Statistical significance
between two groups was determined by Student’s t test. P
values of <0.05 were considered statistically significant.

Results

Inhibition of Hep3B and Huh7 cell proliferation by CT

To examine the effect of CT on proliferation of Hep3B and
Huh? cells, three doses of CT were tested. As shown in Fig-
ure 1, CT dose-dependently inhibited cell growth in both cell
lines significantly. The inhibitory effect of CT was most pro-
nounced in Hep3B cells (approximately 80% growth inhibition
at the highest CT dose tested) but was also strong in Huh7
cells (approximately 70% growth inhibition at the highest CT
dose tested).
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Figure 1. Effect of CT on cell proliferation of Hep3B and Huh7 cells.
Hep3B or Huh7 cells were treated with the indicated doses of CT. Cells
were grown for 72 h, and cell growth was measured with (A) MTT staining
and (B) [°H]-TdR incorporation. Data are expressed as mean+SD of four
independent experiments. °P<0.01 compared with untreated cells (control)
(paired Student’s t test).
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CT decreases production of the pro-inflammatory cytokine TNF-a
and increases production of the anti-inflammatory cytokines IL-4
and IL-10 in Hep3B and Huh7 cells

To evaluate the effect of CT on the production of inflammatory
cytokines, we measured TNF-a production as a pro-inflamma-
tory marker and IL-4 and IL-10 protein production as anti-in-
flammatory markers by ELISA in Hep3B and Huh? cells. The
addition of CT significantly inhibited TNF-a production in
both Hep3B and Huh7 cells in a dose-dependent manner, with
approximately 50% inhibition compared with the control at
the highest CT dose tested (Figure 2A). In contrast, CT signifi-
cantly increased IL-4 protein production (approximately 2.5-
fold compared with the control at the highest CT dose tested)
and IL-10 protein production (approximately 3-fold compared
with the control at the highest CT dose tested) in both Hep3B
and Huh? cells (Figure 2B and 2C).
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CT decreased ATX expression and secretion in Hep3B and Huh7
cells

The expression of ATX is regulated by growth factors and
cytokines. For example, fibroblast growth factor (FGF) and
epidermal growth factor (EGF) have been shown to induce
ATX expression, whereas certain cytokines, such as inter-
leukin-4 (IL-4) and interferon-gamma (IFN-y), decrease the
expression of ATX mRNA in cultured fibroblast-like synovio-
cytes (SFC)™, while TNF-a increases the expression of ATX
mRNA in HCC cells"”. Also, inflammatory cytokines are
known to be associated with the inflammation related to liver
diseases™™"!.
sion of ATX in human liver cell lines. As assessed by qRT-
PCR assays, CT treatment decreased ATX mRNA levels more
than 70% and 80%, at the highest CT dose tested, in Hep3B
and Huh? cells, respectively (Figure 3D). The inhibitory effect

Here, we examined the effect of CT on the expres-
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Figure 2. Effects of CT on cytokine secretion. CT reduced secretion of the pro-inflammatory cytokine TNF-a (A) and increased secretion of the anti-

inflammatory cytokines IL-4 (B) and IL-10 (C).

Levels of TNF-o/1L-4/IL-10 in cell culture medium were measured by ELISA kits after cells were treated

with CT at doses of 0, 5, 7.5, and 10 ng/mL for 12 h. Data are expressed as mean+SD of four independent experiments. °P<0.05, °P<0.01 compared

with untreated cells (control) (paired Student’s t test).
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measured by immunoblot analysis. (C) Quantification of ATX expression in culture
medium measured by immunoblot analysis. (D) Effect of CT on the expression
of ATX mRNA. Serum starved Hep3B or Huh7 cells were treated with or without
the indicated dose of CT for 12 h. Results are the mean+SD from three qRT-PCR
experiments. °P<0.05, °P<0.01 compared with untreated cells (control) (paired
Student’s t test).
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Figure 3. CT inhibits ATX expression and secretion in the hepatoma cell lines Hep3B
and Huh7. (A) Starved Hep3B or Huh7 cells were treated with CT (10 ng/mL) for
24 h. Cell culture medium and cell lysates were collected. Cell lysates (15 pg) were

(B) Quantification of ATX expression in cell lysates
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of CT on cellular and secreted ATX protein expression was
further demonstrated by immunoblot analyses (Figure 3A-3C).

ATX is crucial for Hep3B and Huh7 cells proliferation

To determine the relationship between the observed in vitro
decrease in ATX levels and inhibition of cell proliferation by
CT, we investigated the role of ATX in tumorigenic growth
of the human hepatocellular carcinoma cell lines Hep3B and
Huh?7. As shown in Figure 4, CT significantly inhibited IL-4
induced cell proliferation and also decreased ATX expression
in cell lysate. Moreover, knockdown of ATX in Hep3B and
Huh7 cells had an anti-proliferative effect, as measured by
MTT.
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Figure 4. ATX is crucial for Hep3B and Huh7 cells proliferation. (A) Hep3B
or Huh7 cells were treated with IL-4 (10 ng/mL), CT (10 ng/mL), IL-4
(10 ng/mL) plus CT (10 ng/mL), ATX siRNA, or ATX siRNA plus IL-4 (10
ng/mL). Cells were grown for 48 h, and cell survival was measured with
MTT staining. (B) ATX was knocked down by treatment of siRNA against
ATX. Expression of ATX was assessed by Western blot. (C) Quantification
of ATX expression in Hep3B cells treated with siRNA against ATX. Data
are expressed as mean+SD of four independent experiments. °P<0.01
compared with untreated cells (control) (paired Student’s t test).

Down-regulation of ATX induced by CT is associated with
decreased lyso-PLD activity and conversion of LPC into LPA

Being an enzyme with lyso-PLD activity, ATX plays a criti-
cal role in LPA production™. To explore whether changes
in ATX expression induced by CT led to a corresponding
decrease in ATX/lyso-PLD activity, we collected condi-
tioned medium at different time points from Hep3B and
Huh?7 cells that were treated with TNF-a, CT, both TNF-a
and CT, or control (0.1% BSA/PBS). ATX/lyso-PLD activity
in conditioned medium was measured using the fluorescent

LPC analogue FS-3 as substrate™. After TNF-a stimulation,
Hep3B and Huh? cells exhibited about a 1.5-fold and 0.5-fold
increase in secreted lyso-PLD activity, respectively (Figure
5A and 5B), indicating that TNF-a was able to increase lyso-
PLD activity in culture medium by inducing ATX expression.
Conversely, both cell lines treated with CT exhibited about a
5-fold decrease in secreted lyso-PLD activity compared with
control and about a 2-fold and 3-fold decrease in secreted lyso-
PLD activity induced by TNF-a, indicating that CT was able
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Figure 5. Down-regulation of ATX induced by CT is associated with
decreased lysophospholipase D (lyso-PLD) activity, as indicated by
conversion of LPC into LPA, in Hep3B and Huh7 cells. Serum starved
Hep3B or Huh7 cells were treated with TNF-a (10 ng/mL), vehicle (0.1%
BSA/PBS), CT (10 ng/mL) or CT (10 ng/mL) plus TNF-a (10 ng/mL) for
24 h. Hep3B (A) or Huh7 (B) cell medium from different time points
were concentrated (40-fold) and assayed for ATX activity using the FS-3
compound. Results are shown as the average relative fluorescence
activityxSD from three experiments. (C) Cell medium was incubated
with 15 umol/L LPC for 3 h at 37 °C. Lipids were analyzed by liquid
chromatography-mass spectrometry (LC-MS). Results show the level
of LPA from three experiments and are presented as mean+SD of four
independent experiments. °P<0.01 compared with untreated cells (control)
(paired Student’s t test).
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to decrease lyso-PLD activity in culture medium by inhibit-
ing ATX expression. We next examined LPA production by
incubating the conditioned medium from Hep3B or Huh7 cells
with 15 pmol/L LPC, a lyso-PLD substrate, followed by liquid
chromatography/mass spectrometry (LC-MS) analysis. After
supplying the cells with ATX substrate (LPC), LPA levels in
the conditioned medium of Hep3B cells treated with vehicle,
TNF-a or CT were detected. TNF-a treatment further elevated
LPA levels by more than 10-fold, while CT treatment totally
inhibited LPA levels in the medium. Also, CT significantly
inhibited TNF-a mediated induction of LPA levels. A similar
effect was observed in Huh? cells, where TNF-a treatment
induced an approximately 10-fold increase of LPA genera-
tion (Figure 5C). Thus, our results demonstrated that secreted
ATX from Hep3B or Huh7 cells has lyso-PLD activity and
that TNF-a induces ATX expression, secretion, and lyso-PLD
activity, resulting in increased extracellular production of LPA
from LPC. However, CT treatment had the opposite effect.

LPA is crucial for Hep3B and Huh7 cells proliferation via LPA
receptor 1

Finally, we examined the role of LPA receptors in proliferation
of Hep3B and Huh?7 cells. For this purpose, we treated cells
with Ki16425, an LPA; and LPA; antagonist, or siLPA;, siLPA,,
or siLPA,, cell viability was assessed by MTT assay. As shown
in Figure 6, Ki16425 inhibited cell growth in both cell lines
in the presence of LPC (1 pmol/L). Furthermore, expression
levels of the LPA receptors were altered when cells were
transfected with siLPA,, targeting LPA;; siLPA,, targeting
LPA,; or siLPA;, targeting LPA;, in the presence of LPC (1
pmol/L). Expression of LPA receptors in Hep3B cells was
shown in Figure 6A. Results from MTT assays showed that
knockdown of LPA; in Hep3B and Huh? cells played a role
in the anti-proliferative effects of LPA (Figure 6). Therefore,
LPA, plays a critical role in HCC cell proliferation.

Discussion

The experiments presented here demonstrate that CT is an
inhibitor of cell growth in two human hepatocarcinoma cell
lines, Hep3B and Huh7. A low dose of CT (7.5 ng/mL) was
effective in Hep3B and Huh7, while CT inhibits the growth of
small-cell lung cancers with an ICs, of 27-242 ng/mL"". The
difference in sensitivity to CT between the cell types may be
explained by differences in expression of cellular binding sites
for CT or different levels of ATX, which plays an important
role in liver tumorigenesis.

Cytokines play a major role in promoting the growth and
metastatic spread of cancer cells. To evaluate the effect of CT
on production of pro-inflammatory and anti-inflammatory
cytokines, we measured the protein levels of tumor necrosis
factor (TNF)-a, interleukin-4 (IL-4) and interleukin-10 (IL-10)
in Hep3B and Huh?7 cells. TNF-a secretion was suppressed by
the addition of CT, but, on the contrary, secretion of the anti-
inflammatory cytokines IL-4 and IL-10 was increased upon
treatment with CT.

ATX is overexpressed in various cancers and promotes
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Figure 6. LPA, is crucial for HCC cell proliferation. (A) Knockdown of LPA
using siLPA, siLPA,, siLPA;. Knockdown efficiency was shown by Western
blot analysis. (B) Quantification of Western blot results. (C) Hep3B or
Huh7 cells were treated with Ki1l6425 as described in “Materials and
methods”. Cell survival was evaluated by MTT assay. (D) Hep3B or
Huh7 cells were treated with siRNA against LPA; receptor (siLPA;), LPA,
receptor (siLPA,) or LPA; receptor (siLPA;) as described in “Materials and
methods”. Non-silencing RNA (Vehicle) was transfected as vehicle. Cell
survival was evaluated by MTT assay. Data are expressed as mean+SD
of four independent experiments. °P<0.01 compared with untreated cells
(control) (paired Student’s t test).

tumor progression by stimulating angiogenesis, tumor cell
survival, growth, migration, and invasion®™?. TNF-a has



been reported to promote ATX secretion in both Hep3B and
Huh7 cell lines, and chronic inflammation has been associ-
ated with the development of liver cancer, which is consistent
with evidence that ATX expression levels are well correlated
with the derivative origins of HCC cell lines related to inflam-
mation"”. In our study, we showed that treatment of Hep3B
and Huh?7 cells with CT inhibits ATX expression at both the
RNA and the protein level. Furthermore, knockdown of ATX
resulted in complete loss of the effect of CT on proliferation,
suggesting ATX is crucial for the proliferation of liver cancer
cells. Meanwhile, CT significantly inhibited TNF-a production
in both Hep3B and Huh? cells in a dose-dependent manner,
suggesting CT might repress ATX expression by reduction of
TNF-a production. This reduction in TNF-a secretion indi-
cates that CT treatment leads to less chronic inflammation in
HCC, suggesting that CT inhibits HCC proliferation by reliev-
ing chronic inflammation.

Moreover, as ATX is an enzyme with lyso-PLD activity,
the aberrant expression of ATX has the potential to alter the
delicate balance between LPA and LPC signaling. Therefore,
we examined PLD activity and production of LPA from LPC
in Hep3B and Huh? cells treated with CT and TNF-a. TNF-q,
a pro-inflammatory cytokine, promoted ATX secretion and
LPA production in both cell lines. In contrast, CT significantly
inhibited ATX secretion and LPA production. Moreover,
secretion of enzymatically active ATX promoted Hep3B and
Huh? cell proliferation, which is dependent on extracellular
LPC concentration and can be demonstrated to be a direct
effect of increased LPA levels. Therefore, the expression of
LPA is also crucial for the proliferation of HCC cells. Using
an LPA, and LPA; specific antagonist'®”! (Ki16425), LPA,-
specific small interfering RNA (siLPA;), LPA,-specific small
interfering RNA (siLPA,), and LPA;-specific small interfering
RNA (siLPA;) in proliferation assays, we conclude that the
LPA, receptor plays the main role in the proliferation of HCC
cells. Recently, Park et al also determined the involvement of
LPA, receptor activation by LPA produced by ATX activity
in HCC invasion and metastasis, which suggests these could
be novel biomarkers and potential therapeutic targets for
HCCP. Despite data demonstrating the association of ATX
and LPA with invasion and metastasis of HCC, whether CT
inhibits HCC proliferation by interfering with LPA production
is unknown. Accumulating evidence showing that the LPA/
ATX axis regulates cancer cell proliferation, survival, and
invasion suggests that LPA and its analogs, LPA receptors and
ATX, are potential therapeutic targets for cancer treatment.
Our results show that CT inhibits HCC progression by reduc-
ing LPA; production and ATX secretion. This suggests HCC
proliferation could be inhibited by treatment with CT and that
CT is a promising biological molecular for the treatment of
liver cancer in patients.

Taken together, this is the first characterization of the mech-
anism by which CT, through regulation of ATX, influences
HCC cells. CT inhibited proliferation of two human hepa-
tocarcinoma cell lines, Hep3B and Huh7, by suppressing the
ATX/LPA axis.
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