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Abstract
AIM: To clarify whether Lysophosphatidic acid (LPA) 
activates the nuclear translocation of nuclear factor-κB 
(NF-κB) in pancreatic cancer.
METHODS: Panc-1, a human pancreatic cancer cell 
line, was used throughout the study. The expression 
of LPA receptors was confirmed by reverse-transcript 
polymerase chain reaction (RT-PCR). Cytosolic free 
calcium was measured by fluorescent calcium indicator 
fura-2, and the localization of NF-κB was visualized by 
immunofluorescent method with or without various 
agents, which effect cell signaling.
RESULTS: Panc-1 expressed LPA receptors, LPA1, 
LPA2 and LPA3. LPA caused the elevation of cytosolic 
free calcium dose-dependently. LPA also caused the 
nuclear translocation of NF-κB. Cytosolic free calcium 
was attenuated by pertussis toxin (PTX) and U73122, 
an inhibitor of phospholipase C. The translocation of 
NF-κB was similarly attenuated by PTX and U73122, 
but phorbol ester, an activator of protein kinase C, 
alone did not translocate NF-κB. Furthermore, the 
translocation of NF-κB was completely blocked by Ca2+ 

chelator BAPTA-AM. Thapsigargin, an endoplasmic-
reticulum Ca2+-ATPase pump inhibitor, also promoted 
the translocation of NF-κB. Staurosporine, a protein 

kinase C inhibitor, attenuated translocation of NF-κB 
induced by LPA.
CONCLUSION: These findings suggest that protein 
kinase C is activated endogenously in Panc-1, and 
protein kinase C is essential for activating NF-κB with 
cytosolic calcium and that LPA induces the nuclear 
translocation of NF-κB in Panc-1 by mobilizing cytosolic 
free calcium.

© 2008 The WJG Press. All rights reserved.

K e y w o r d s : Ly sophospha t i d i c a c i d ; Nuc l ea r 
translocation; Nuclear factor-κB; Cytosolic free 
calcium; Panc-1

Peer reviewer: Tatjana Crnogorac-Jurcevic, MD, PhD, Cancer 
Research UK, Molecular Oncology Unit, Barts and the London 
School of Medicine and Dentistry, John Vane Science Centre, 
Charterhouse Square, London EC1M 6BQ, United Kingdom

Arita Y, Ito T, Oono T, Kawabe K, Hisano T, Takayanagi R. 
Lysophosphatidic acid induced nuclear translocation of nuclear 
factor-kB in Panc-1 cells by mobilizing cytosolic free calcium. 
World J Gastroenterol 2008; 14(28): 4473-4479  Available from: 
URL: http://www.wjgnet.com/1007-9327/14/4473.asp  DOI: 
http://dx.doi.org/10.3748/wjg.14.4473

INTRODUCTION
Lysophosphatidic acid (LPA) is the smallest and 
structurally simplest of  all glycerophospholipids, and 
exists in serum at concentrations between 1-5 µmol/L[1]  
LPA is mainly released by activated platelets[2], and 
immediately complexes with high affinity to serum 
albumin[3]. It is well known that LPA exhibits hormone- 
and growth factor-like activities[4,5]. LPA represents a 
major bioactive constituent of  serum. LPA increases 
[3H]-thymidine incorporation, inositol phosphates, 
intracellular calcium, and protein kinase C activities[4,5]. 
Indeed, LPA acts on a large number of  cel ls to 
achieve a broad range of  immediate and long lasting 
effects. Specific responses to LPA include changes in 
cell shape and tension, chemotaxis, proliferation and 
differentiation[6,7]. LPA binds to putative G protein-
coupled receptors found on nearly all cell types, 
including cancer cell lines. Numerous other cellular 
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and biochemical responses to LPA have also been 
documented[8].

T h e m o l e c u l a r a c t i o n s o f  L PA h ave b e e n 
characterized best in rodent fibroblasts, where LPA 
stimulates phosphoinositide hydrolysis[4] and promotes 
the Rho-dependent formation of  stress fibers and 
focal adhesions[9]. The stimulation of  phosphoinositide 
hydrolysis is thought to occur through the GTP-binding 
regulatory protein (G protein) Go or Gq. The formation 
of  stress fibers and focal adhesions is consistent with 
activation of  Rho through G12 or G13

[8]. Whether G 
proteins are sufficient for this action is unclear, but the 
sensitivity of  the phenomenon to pertussis toxin (PTX) 
implies that Gi/o represents at least one necessary input. 
Receptors that recognize LPA have been identified that 
conform to the seven-transmembrane domain motif  
characteristic of  G protein-coupled receptors, and 
identified as LPA1/Edg-2, LPA2/Edg-4, LPA3/Edg-7[10].

On the other hand, nuclear factor-κB (NF-κB) is 
the prototype of  a family of  dimers whose constituents 
are members of  the Rel family of  transcription 
factors[11]. In most types of  cells, NF-κB is present 
as a heterodimer comprising p50 (NF-κB1) and p65 
(RelA). NF-κB is normally retained in the cytosol in an 
inactive form through interaction with ⅠκB inhibitory 
proteins. Release of  NF-κB for translocation to the 
nucleus and interaction with cognate DNA sequences is 
accomplished through a signal-induced phosphorylation 
and subsequent degradation of  ⅠκB. Originally 
described as a necessary element for expression of  the 
immunoglobulin gene in mature B cells, NF-κB is now 
recognized to be an important transcriptional regulatory 
protein in a variety of  cell types. 

It is reported that LPA translocates NF-κB to the 
nucleus in fibroblasts[12], lymphocytes[13], breast cancer 
cells[14], colon cancer cells[15], prostate cancer cells[16], 
and ovarian cancer cells[17]. However, until now it is not 
clear whether LPA translocates NF-κB in pancreatic 
cancer cells or not. In this study, we demonstrate for 
the first time that LPA induces translocation of  NF-κB 
to nucleus in the pancreatic cancer cell line, Panc-1, by 
mobilizing cytosolic free calcium.

MATERIALS AND METHODS
Materials
The human pancreatic cancer cell line, Panc-1 (ATCC 
CRL 1469), was obtained from American Type Culture 
Collection (MD, USA). Media and supplements were 
from GIBCO BRL (New York, USA). Fetal bovine 
serum and fetal calf  serum were from Hyclone (Utah, 
USA). Glass-bottomed chambers were from Costar 
(Massachusetts, USA). LPA and fatty-acid free albumin 
were from Sigma (Montana, USA). PTX, staurosporine, 
geniste in and PD98059 were from Calbiochem 
(California, USA). U73122, U73343 and Fura-2/AM 
were from Seikagakukogyo (Tokyo, Japan). Rabbit anti-
human NF-κB p65 polyclonal antibody was obtained 
from Upstate Biotechnology (New York, USA); and 
rhodamine-conjugated donkey anti-rabbit polyclonal 

antibody and normal donkey serum from Chemicon 
International (California, USA), respectively.

Methods
Cell culture: Panc-1 was maintained in Dulbecco’s 
modified Eagle medium (DMEM) supplemented with 
penicillin (50 units/mL), streptomycin (50 units/mL),  
and 10% fetal bovine serum (FBS). Panc-1 was 
maintained in DMEM without FBS for 48 h prior to use 
for the following experiments.

Total RNA extraction and reverse-transcription 
polymerase chain reaction (RT-PCR) analysis for 
detection of  LPA receptors: Total RNA was extracted 
from Panc-1 using ISOGEN (Nippon Gene, Tokyo, 
Japan). The first strand cDNA synthesis was carried out 
using the SuperScript™ First-Strand Synthesis System 
for RT-PCR (Invitrogen™ life technologies, California, 
USA). One hundred nanogram of  the synthesized first 
strand cDNA was subjected to PCR using Platinum® 
Taq DNA Polymerase (Invitrogen™ Life Technologies, 
California, USA). The first strand cDNA was then 
amplified with specific primers; GAPDH (as an internal 
control), Edg-2, Edg-4, and Edg-7. The PCR primers 
and conditions are listed in Table 1. In all cases after 
the RT step the templates were heated at 94℃ for 30 s, 
annealed for another 30 s, and finally subjected to a 72℃ 
extension for 60 s. The PCR products were separated in 
2% agarose gel and visualized under UV illumination.

Measurement of  cytosolic free calcium: Cytosolic 
free calcium concentration was measured as previously 
described[18]. Confluent monolayers of  Panc-1 cells 
grown in 175 cm2 flasks were harvested by incubation in 
0.9% (w/v) NaCl, 0.02% (w/v) EGTA and 10 mmol/L  
Hepes, pH7.2. Cells were washed twice with PBS, 
resuspended to a density of  1 × 106 cells/mL, and then 
incubated with 6 µmol/L fura-2/AM for 1 h at room 
temperature. Aliquots of  this suspension were washed 
twice with Krebs-Ringer’s HEPES buffer in a stirred 
fluorimetry cuvette at 37℃. Fluorescence of  fura-2 
was measured with Shimazu RF-5000 luminescence 
spectrometer (alternate excitation wavelengths of   
340 nm and 380 nm: emission wavelength, 505 nm). Rmax 
was determined by the addition of  0.1% Triton X-100, 
then Rmin was estimated using 4 mmol/L EGTA. 

Immunofluorescence: Panc-1 cells were cultured on 
glass-bottomed culture dishes, and experiments were 
conducted as described above. Panc-1 cells were washed 
twice with ice-cold PBS and fixed with methanol for  
5 min, permeabilized with 0.2% Triton X-100. Once 
the dishes had air-dried, the cells were incubated in 10% 
FCS for 2 h to block nonspecific antibody binding. The 
cells were then incubated with rabbit anti-human NF-κB 
p65 polyclonal antibody (1:50) in PBS containing 0.2% 
BSA for 6 h at room temperature. The dishes were then 
washed three times in PBS with 0.2% BSA for 5 min 
at room temperature. Cells were then incubated with 
rhodamine-conjugated donkey anti-rabbit polyclonal 
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antibody (1:100) in PBS containing 0.2% BSA for 1 h at 
room temperature. The dishes were then washed three 
times in PBS containing 0.2% BSA for 5 min at room 
temperature and mounted with glass coverslips using 
Vectashield mounting medium from Vector Laboratories 
(California, USA). Immunofluorescence was observed by 
using an LSM410 Confocal Laser Scanning Microscope 
from Carl Zeiss, Inc. (Oberkochen, Germany).

Treatment of  Panc-1 cells: Panc-1 cells were treated 
with various agents before measuring cytosolic free 
calcium or detecting translocation of  NF-κB. For PTX-
pretreatment, monolayers of  Panc-1 cells were cultured 
in DMEM with 100 ng/mL PTX overnight, and then 
washed twice with PBS. Panc-1 cells were treated with 
other agents; 10 µmol/L U73122 for 10 min, 10 µmol/L  
U73343 for 10 min, 10 µmol/L BAPTA for 15 min,  
10 nmol/L staurosporine for 10 min, 50 µg/mL 
genistein for 1 h, and 10 nmol/L PD98059 for 1 h 
before stimulation of  LPA.

Statistical analysis
The Student’s t-test was used to determine significant 
differences between the groups.

RESULTS
Panc-1 cells express LPA1, LPA2, and LPA3 mRNA
The expression of  LPA1/Edg-2, LPA2/Edg-4, and LPA3/

Edg-7 receptors was determined by RT-PCR in Panc-1 
cells. As shown in Figure 1, a significant expression of  
mRNA encoding LPA1/Edg-2, LPA2/Edg-4, and LPA3/
Edg-7 was observed, as judged from the appearance of  
unique cDNA bands of  the expected size. 

LPA elevates [Ca2+]i by mobilizing Ca2+ from intracellular 
stores
LPA, at concentration of  10 µmol/L, elevated [Ca2+]i 

by 600 ± 45 nmol/L (  = 5) above a resting [Ca2+]i  of  
108 ± 30 nmol/L within 20 s of  addition to intact 
fura2-loaded Panc-1 cell suspension (Figure 2A). This 
increase in [Ca2+]i  was followed by a return to near 
resting levels within 3 min. The elevation of  [Ca2+]i  
by LPA in Panc-1 cells was concentration-dependent, 
with an EC50 of  870 nmol/L (Figure 3). Responses to 
LPA were dependent upon the presence of  fatty acid-
free BSA (0.1% w/v), without which [Ca2+]i  increases 
were a quarter-maximal. Fatty acid-free BSA itself  
did not cause a significant increase in [Ca2+] i  for  
30 min (data not shown), as other researchers previously 
reported[4]. LPA-induced elevation of  [Ca2+]i  resulted 
predominantly from mobilization of  intracellular [Ca2+]i  
store. In the condition of  Ca2+-free with 0.2 mmol/L 
EDTA, LPA increased [Ca2+]i  with a similar potency and 
maximal effect to the condition with extracellular Ca2+  
(Figure 2B). After overnight treatment with PTX  
(100 ng/mL), LPA did not evoke [Ca2+]i  in Panc-1 cells 
(Figures 2C and 3). Treatment of  Panc-1 cells with a 
phospholipase C inhibitor, U73122, at a concentration of  
10 µmol/L for 10 min, abolished LPA-induced increase 
in [Ca2+]i  (Figure 2D and 3). Pretreated with U73343, 
an inactive analogue of  U73122, at a concentration 
of  10 µmol/L for 10 min had no effect on LPA-
induced elevation of  [Ca2+]i  in Panc-1 cells (Figure 2E).  
These findings suggest that LPA induces elevation of  
[Ca2+]i  by mobilizing Ca2+ from Ca2+ store through 
PTX-sensitive G-protein (Gi or Go) and phospholipase 
C. Treatment of  Panc-1 cells with thapsigargin, the 
endoplasmic-reticulum Ca2+-ATPase pump inhibitor, at a 
concentration of  500 nmol/L caused a slow increase in 
[Ca2+]i  followed by a sustained plateau (data not shown).

Effect of LPA on translocation of NF-κB to nuclei in 
Panc-1 cells
It has been reported that LPA activates NF-κB in 
fibroblasts[19] and endothelial cells[20]. We, therefore, 
investigated the possibility that LPA activates the 
transcription factor NF-κB in Panc-1 cells.

NF-κB is normally retained in the cytosol in an 
inactive form in Panc-1 cells (Figure 4A). LPA, at a 

Table 1  The PCR primers and conditions for detection of LPA receptors

Sense primer Antisense primer Temperature (℃) Size (bp)

GAPDH 5'-AATGCATCCTGCACCACCAACTGC-3' 5'-GGAGGCCATGTAGGCCATGAGGTC-3’ 59 554
Edg-2 5'-TCCACACACGGATGAGCAAC-3’ 5'-GTGATCATTGCTGTGAACTCC-3’ 62 620
Edg-4 5'-CCACCAGCCCATCTACTACCT-3’ 5'-CTCACAGCCTAAACCATCCAG -3’ 62 619
Edg-7 5'-GCTGGAATTGCCTCTGCAAC -3’ 5'-ACCACAAACGCCCCTAAGAC -3’ 62 253

620            619            253             554         (bp)

Marker           LPA1             LPA2            LPA3           GAPDH
(Edg2) (Edg4) (Edg7)

Figure 1  Expression of LPA receptors in Panc-1 cells. LPA-specific receptors 
LPA1/Edg-2, LPA2/Edg-4, and LPA3/Edg-7 are expressed in PANC-1 cells. 
Total mRNA of PANC-1 cells was extracted and used for RT and PCR using 
primers designed from the sequence of LPA1, LPA2, and LPA3, and GAPDH. 
PCR products were separated by electrophoresis in 2.0% agarose gel. The 
molecular size of the amplification products is inferred from the electrophoretic 
migration of the DNA markers.
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concentration of  10 µmol/L, translocated NF-κB to 
the nucleus within 30 min (Figure 4B). NF-κB was re-
established in the cytosol after 3 h (data not shown).

After Panc-1 cells were preincubate with 100 ng/mL  
PTX, LPA did not translocated NF-κB to nuclei 
(Figure 5A). A phospholipase C inhibitor, U73122, also 
abolished the translocation induced by LPA (Figure 5B).  
Pre t rea tment o f  Panc-1 w i th BAPTA-AM, an 
intracellular calcium chelator, at a concentration of  
10 µmol/L for 15 min, completely abolished NF-
κB translocation (Figure 5C). Thapsigargin is known 
to block a Ca2+-ATP pump of  calcium stores, and 
elevates cytosolic free calcium slowly. In the present 
study, thapsigargin alone caused NF-κB translocation 
in Panc-1 cells at a concentration of  500 nmol/L  
(Figure 5D). These data suggest that elevation of  

cytosolic free calcium is necessary for activation of  NF-
κB in Panc-1 cells. 

Phorbol myristate, which is well known to be 
a potent activator of  protein kinase C, alone failed 
to induce the translocation at a concentration of   
100 nmol/L (F igure 5E) . On the o ther hand , 
staurosporine, a protein kinase C inhibitor, attenuated 
translocation of  NF-κB induced by LPA (Figure 5F). 
These findings suggested that protein kinase C is 
activated endogenously in cancer cells, such as Panc-1, 
and that protein kinase C is essential for activating NF-
κB with cytosolic calcium. It is reported that PMA 
could activate NF-κB in some types of  cells including 
rat pancreatic acinar cells. However, the present data 
revealed that cytosolic calcium might have a more crucial 
role in activating NF-κB than protein kinase C in Panc-1 
cells.

A tyrosine kinase inhibitor genistein or a MEK 
inhibitor PD98059 did not have significant effects on 
the translocation of  NF-κB induced by LPA (data not 
shown).

DISCUSSION
In the present study, we first confirmed that Panc-1 
cells express LPA receptors, and then showed that LPA 
induced Ca2+ mobilization and translocation of  NF-κB 
into the nucleus.

LPA acts as an intercellular messenger molecule 
bound to serum albumin[3]. LPA exer ts multiple 
biological functions through G protein-coupled 
receptors. It has been identified a new family of  
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Figure 2  Effect of LPA on cytosolic free calcium concentration [Ca2+]i in Panc-1 cells. A: Representative Ca2+ signal was evoked by 10 μmol/L LPA in Panc-1 cells; 
B: Effect of chelation of extracellular Ca2+ by addition of 0.2 mmol/L EDTA on LPA-induced increases in Ca2+; C: PTX-sensitive effect of LPA on cytosolic free calcium. 
Panc-1 cells were pretreated with 100 ng/mL of PTX for overnight and loaded with fura-2/AM; D: Effect of U73122, a phospholipase C inhibitor, on LPA-induced 
increases in cytosolic free calcium in Panc-1 cells. Panc-1 cells were treated with U73122 at a concentration of 10 μmol/L for 10 min, and then stimulated by 10 μmol/L  
LPA; E: Effect of U73343, an inactive analogue of U73122, on LPA-evoked increases in cytosolic free calcium in Panc-1 cells.

b

b

500

100

[C
a2+

] i 
(n

m
ol

/L
)

cont

10 nmol/L

100
 nmol/L

1 mm
ol/L

10 mm
ol/L

PTX + LP
A

U73122 + LP
A

LPA

Figure 3  Effect of LPA on cytosolic free calcium in Panc-1. LPA evoked 
cytosolic free calcium in concentration-dependent manner. PTX-treatment at 
a concentration of 100 ng/ml for overnight abolished 10 mmol/L LPA-induced 
mobilization of [Ca2+]i. Pretreatment of U73122 (10 mmol/L) for 10 min also 
abolished LPA-induced mobilization of [Ca2+]i. bP < 0.01.
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receptor genes for LPA. Members of  this family 
include at least three G-protein-coupled receptors 
belonging to the endothelial differentiation gene (Edg) 
family, Edg-2/LPA1, Edg-4/LPA2, and Edg-7/LPA3

[10]. 
Recent investigation has revealed that Panc-1 cells 
also express functionally active LPA receptors (LPA1/
Edg-2, LPA2/Edg-4, LPA3/Edg-7)[21]. LPA has a major 

role in migration of  Panc-1 cells via phosphorylation 
of  ERK[21], but was reported to not act as mitogen in 
pancreatic cancer cell lines, Panc-1 cells and Bx-PC 
cells[21]. LPA also mobilized cytosolic calcium in Panc-1 
cells as neuropeptides including neurotensin, bombesin, 
cholecystokinin, and vasopressin[22]. However, it is still 
unclear of  roles of  calcium mobilization in Panc-1 cells.

A B

Control LPA

Figure 4  Effect of LPA on nuclear translocation of NF-kB. LPA-induced nuclear translocation of p65 in Panc-1 cells. Localization of p65 was visualized by indirect 
immunofluorescence staining using rabbit anti-p65 polyclonal antibodies (1:50) which only recognized NF-kB p65. Donkey anti-rabbit antibodies (1:100) conjugated 
to rhodamine was performed, and visualized under a confocal microscope. A: Cytosolic localization of p65 in an inactive form in unstimulated Panc-1 cells; B: Nuclear 
localization of p65 in Panc-1 cells after treatment of 10 mmol/L LPA was observed at 60 min.

B C

FED

A

Figure 5  Localization of NF-kB p65 in Panc-1 cells. A: PTX-treatment prevented nuclear translocation of NF-kB p65 induced by LPA in Panc-1 cells at 1 h. Panc-1 
cells were preincubated with 100 ng/mL PTX, and then stimulated with 10 mmol/L LPA; B: U73122-treatment prevented nuclear translocation of NF-kB p65 induced 
by LPA in Panc-1 cells at 1 h. Panc-1 cells were pretreated with 10 mmol/L U73122 for 10 min before adding 10 mmol/L LPA; C: Nuclear translocation of p65 induced 
by LPA was reduced by an intracellular calcium chelator, BPTA-AM at 1 h. Panc-1 cells were treated with 10 mmol/L BAPTA-AM for 15 min and then stimulated with 
10 mmol/L LPA; D: Thapsigargin alone caused nuclear translocation of p65 at 1 h. Panc-1 cells were treated with 500 nmol/L thapsigarigin; E: Phorbol myristate (PMA) 
alone failed to mobilize p65 into nuclei at 1 h. Panc-1 cells were treated with 100 nmol/L PMA; F: Staurosporine reduced nuclear localization of p65 induced by LPA at 
1 h. Panc-1 cells were treated with 10 nmol/L staurosporine for 10 min and then stimulated with 10 mmol/L LPA.
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Some researchers have tried to identify which subtype 
of  LPA receptors is crucial for calcium mobilization. An 
investigation using human-recombinant G protein has 
suggested that LPA1/EDG-2 transduces Ca2+ mobilization 
largely through PTX sensitive Gi/o proteins[18]. LPA2/Edg-4 
was supposed to be linked with Gq and phospholipase 
C[18] and cooperated with other G proteins[19]. Another 
study, using a knock-out technique, revealed that nearly 
all PLC activation in response to LPA is dependent on 
endogenous expression of  LPA1 and LPA2

[20].
The results presented in this paper show that 

PTX and U73122 attenuated LPA-induced calcium 
mobilization in Panc-1 cells, which suggests that LPA 
evokes cytosolic calcium via PTX-sensitive G protein 
and inositol phosphate production. We have not yet 
determined which subtypes of  LPA receptors have a 
major role in mobilizing cytosolic calcium in Panc-1 
cells. It is likely that LPA1 or LPA2 might have a major role 
in mobilization of  cytosolic calcium in Panc-1 cells.

The present data suggests that LPA-induced cytosolic 
calcium mobilization is necessary for activation of  NF-
κB. PTX and U73122 attenuated both cytosolic calcium 
mobilization and nuclear translocation of  NF-κB 
induced by LPA. Thapsigargin exerted more potent and 
long lasting actions than those achieved by LPA. PMA 
alone failed to stimulate the nuclear translocation of  NF-
κB. This result suggests that evoked cytosolic calcium 
concentration is crucial for this translocation, and that 
a resting level of  cytosolic calcium might be insufficient 
for activation of  NF-κB by phorbol ester-stimulated 
protein kinase C. 

Activation of  NF-κB by LPA may function as a 
counterpart to proliferative signaling. It is well known 
that activation of  NF-κB is related to resistance 
to apoptosis. Recent studies have revealed that 
chemosensitivity of  human pancreatic cancer cells, 
including Panc-1, is enhanced by Ⅰ-κBα super-
repressor[23] and that NF-κB has a major role in tumor 
necrosis factor-related apoptosis-inducing ligand 
(TRAIL) resistance of  pancreatic cancer cell lines[24].

LPA is supposed to utilize G proteins to achieve 
its activation of  NF-κB. The fact that PTX attenuates 
activation of  NF-κB would suggest a role for Gi/o. NF-
κB can be activated by oncogenic Ras[25], and both Ras 
and ERKs are activated by LPA through pathways partly 
sensitive to PTX[20]. Cummings et al has shown that 
protein kinase C is also related with activation of  NF-
κB, which was coupled to Gi/o and G12/13 proteins[25].

Gi/o might have a major role in the activation of  NF-
κB[25]. It is conceivable that low concentrations of  LPA 
activates Gi/o and that higher concentrations activates 
Gq. Gq protein may be responsible for the activation of  
protein kinase C and mobilization of  Ca2+ of  sufficient 
magnitude or duration to bring, together with signals 
from Gi/o, activation of  NF-κB[26].

In conclusion, our results show for the first time that 
LPA induces nuclear translocation of  NF-κB in Panc-1 
cells by mobilizing cytosolic free calcium. This effect 
might be caused by activation of  phospholipase C via 
PTX-sensitive G protein.
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 COMMENTS
Background
Lysophosphatidic acid (LPA) is a growth factor that exerts a number of 
biological actions on some cancer cell lines. However, the effect of LPA on 
pancreatic cancer cells has not been well estimated. In the present study, the 
authors investigate the effects of LPA on cytosolic calcium and translocation of 
NF-κB in Panc-1 cells.
Research frontiers
The article focuses on the relationship of cytosolic calcium mobilization and NF-
κB in Panc-1 cells induced by LPA.
Innovations and breakthroughs
The present study shows that LPA-induced cytosolic calcium mobilization 
is necessary for activation of NF-κB in pancreatic cancer cells, and that a 
resting level of cytosolic calcium might be insufficient for activation of NF-
κB by phorbol ester-stimulated protein kinase C. It is suggested that protein 
kinase C is activated endogenously in Panc-1, and protein kinase C is essential 
for activating NF-κB with cytosolic calcium and that LPA induces the nuclear 
translocation of NF-κB in Panc-1 by mobilizing cytosolic free calcium.
Applications
It is known that LPA represents a major bioactive constituent of serum, and 
that activation of NF-κB is related to resistance to apoptosis. By knowing the 
mechanism of action of LPA, it can be used that target apoptosis in pancreatic 
cancer cells.
Peer review
The authors investigated the effect of LPA on calcium mobilization, and 
localization of the transcription factor, NF-κB in the pancreatic cell line, Panc-1. 
This is an interesting paper. They demonstrated that LPA stimulates calcium 
mobilization from intracellular stores via PTX sensitive G proteins and PLC.
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