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A wide range of microRNAs (miRNAs) are coded for in the human genome and contribute
to the regulation of gene expression. MiRNAs are able to degrade mRNAs and/or prevent
the RNA transcript from being translated through complementary binding of the miRNA
seed region (nucleotide 2-8) to the 3’-untranslated regions of many mRNAs. Although
miRNAs are involved in almost all processes of normal human cells, they are also involved
in the abnormal functions of cancer cells. MiRNAs can play dual regulatory roles in cancer,
acting either as tumor suppressors or as tumor promoters, depending on the target,
tumor type, and stage. In the current review, we discuss the present status of miRNA
modulation in the setting of lysophosphatidic acid (LPA) signaling. LPA is produced from
lysophosphatidylcholine by the enzyme autotaxin and signals via a range of G protein-
coupled receptors to affect cellular processes, which ultimately causes changes in cell
morphology, survival, proliferation, differentiation, migration, and adhesion. Several
studies have identified miRNAs that are over-expressed in response to stimulation by
LPA, but their functional roles have not yet been fully clarified. Since RNA-based
treatments hold tremendous promise in the area of personalized medicne, many efforts
have been made to bring miRNAs into clinical trials, and this field is evolving at an
increasing pace.

Keywords: lysophosphatidic acid, cancer, molecular mechanism, microRNA, lysophosphatidic acid receptor
INTRODUCTION

Gene regulation is critical for maintaining homeostasis, and both embryonic development and adult
functioning depend on its appropriate function. Gene regulation ensures that appropriate genes are
translated at the appropriate time. Gene regulation is a complex process, and various mechanisms are
involved (1). MicroRNAs (miRNAs) are one of the most important mediators of gene regulation (2–5).
MiRNAs were first discovered in Caenorhabditis elegans, a worm from the nematode phylum (6). Further
investigations showed that miRNAs were present in almost every eukaryotic species, including human
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cells (7). MiRNAs are small, evolutionarily conserved RNA
sequences that inhibit protein production by binding to their
target mRNA. The evolutionary conservation of many miRNAs
underlines their importance in biological functions (8). MiRNAs can
regulate at least 30% of protein-coding genes (9, 10). “The majority
of miRNAs are transcribed from DNA sequences into primary
miRNAs and processed into precursor miRNAs, and finally
mature miRNAs (11). In most cases, miRNAs interact with the 3′
untranslated region (3′ UTR) of target mRNAs to induce mRNA
degradation and translational repression (12). However, the
interaction of miRNAs with other regions, including the 5′ UTR,
coding sequence, and gene promoters, has also been reported. Under
certain conditions, miRNAs can also activate translation or regulate
transcription” (13). Due to their effect on protein production, they
are essential in cell signaling and cell proliferation, and in diseases
like cancer, they can act as a tumor-suppressor and prevent cancer,
or act as an oncomiR and promote cancer progression (14). In
addition to being present inside cells, they are also found in
extracellular fluids like cerebrospinal fluid (CSF) and blood and
can be used as biological markers for some diseases or disease states
(15). Also, recent studies have suggested that extracellular miRNA
can serve as intercellular signaling molecules and as facilitator
molecules for viral entry into cells (16). Secretion of extracellular
miRNAs from cancer cells can alter the translational profile of
normal cells and promote tumor progression (17).

Phospholipids are the principal components of the cell
membrane. They play a crucial role in cell signaling, inflammation,
endocytosis, exocytosis, etc. (18–21). Lysophosphatidic acid (LPA, 1-
acyl-sn-glycerol-3-phosphate) is a phospholipid derivative with a
glycerol backbone, a free phosphate group, and a single fatty acyl
chain. Unlike other phospholipids, it is water-soluble (22) and acts as
a potent inducer of platelet aggregation, smooth muscle contraction,
and changes in blood pressure (23–25). Despite these discoveries, its
primary function was not revealed until several years later. In the
1990s, scientists showed that LPA could act as a growth factor by
interacting with specific G-protein receptors (26). LPA was then the
subject of much more research, and additional functions for this
molecule were discovered. One discovery concerned the role of LPA
in cancers. The interaction of LPA with G-protein coupled receptors
provides signaling inputs for cell growth and proliferation and
therefore has a prominent role in cancer progression and
development (22). Autotaxin (ATX) (also known as ectonucleotide
pyrophosphatase/phosphodiesterase 2) produces LPA, which acts as
a facilitator for tumor invasion, neovascularization, and metastasis
(27). This review aims to discuss the interactions between LPA, its
receptors, signaling pathways, and miRNAs and the possible role of
this interaction in the development of diseases, especially cancer. This
will help us better understand cancer pathogenesis and develop
improved therapies involving miRNAs against various diseases.
LYSOPHOSPHATIDIC ACID STRUCTURE
AND BIOLOGICAL FUNCTION

Lysophosphatidic acid (LPA, mono-acylglycerol-3-phosphate) is a
phospholipid containing glycerol, a single fatty acid chain, and
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phosphate in its structure. Despite its relatively simple structure, it
can cause significant changes within cells (28). It can be produced in
two ways. Firstly, diacylglycerol can be phosphorylated by the action
of diacylglycerol kinase to form phosphatidic acid (PA).
Alternatively, phosphatidylcholine can be cleaved by the action of
phospholipase D also to form PA. PA is converted to LPA in the
next step by phospholipase A (29). This pathway is used chiefly for
intracellular LPA production (30). Secondly, phospholipids are
converted to lysophospholipids by phospholipase A2, and then
lysophospholipase D cleaves it to LPA. This pathway is mainly used
for extracellular LPA production (31).

Initially, the biological effects of LPA were not considered
particularly important, with limited effects on smooth muscle
contraction, platelet aggregation, and regulating blood pressure.
Some of the LPA functions were rapid, like gap-junction closure,
cell motility, or morphological changes, while others were more
long-term, including wound healing, increased cell viability, etc.
However, in the 1990s, scientists discovered that the LPA could
behave as a growth factor molecule and trigger signaling via
members of a specific type of G-coupled protein receptor family
(22, 32). Also, LPA is a major serum component (but not
plasma) and can increase cell survival and migration.
Additionally, LPA is found in follicular fluid, saliva, and
seminal fluid (22, 33–35). LPA concentrations are correlated
with some types of cancers. For example, the Serum levels of LPA
in pancreatic cancer patients were substantially higher than in
healthy control (36). There are several studies indicating that
plasma LPA is a promising diagnostic marker for ovarian cancer
(37, 38). Autotaxin (ATX, ectonucleotide pyrophosphatase/
phosphodiesterase 2, NPP2, or ENPP2) is an essential enzyme
with several biological roles (Figure 1). Tanaka et al. showed the
essential role of ATX in blood vessel formation (42). Another
physiological role of ATX is in regulating immunity. ATX is
expressed in the high endothelial cells (HEC) of high endothelial
venules (HEV). Chemokine-activated lymphocytes bind to ATX,
leading to LPA formation, which probably affects chemokinesis
(43, 44). In addition to the essential physiological role of ATX in
the body, several studies have confirmed its involvement in
tumor progression, tumor invasion, and metastasis (32).
Because ATX produces LPA from lysophosphatidylcholine, this
was considered to explain the involvement of ATX in cancer (45,
46). LPA signaling takes place through G-coupled protein
receptors as first reported in 1989 (26). Since then, six separate
receptors that are specific for LPA signaling have been
recognized (LPAR1-LPAR6). Each of these different receptors
has its own tissue distribution and particular role and triggers
different pathways. For example, LPAR2 has the highest
expression in leukocytes. While the expression of LPAR5 is
maximal in the spleen and in the same time it is not expressed
in the liver (47). However, all the functions of some of these
receptors have not been fully identified. LPAR1 is necessary for
brain development, cancer metastasis, renal and lung fibrosis,
etc. (48–50). LPAR2 is involved in smooth muscle cell migration,
the progression of colorectal cancer, etc. (51–53). LPAR3 takes
part in embryonic implantation (54–56). LPAR4 is probably
involved in the pathogenesis of diseases like ovarian cysts.
June 2022 | Volume 12 | Article 917471
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LPAR5 seems involved in thyroid malignancies (57–59), while
LPAR6 is involved in hair growth (60, 61). In another study on
pancreatic cancer, receptors of LPA (LPAR1, LPAR2, and
LPAR3) are reported to be expressed significantly in PANC-1
cells. Following LPA treatment, focal adhesion kinase (FAK) and
paxillin are tyrosine phosphorylated. Moreover, LPA can also
increase the motility of PANC-1 cells through affecting the
translocation of paxillin and FAK from cytoplasm to the
adhesions of cell periphery (62). Leve et al. has reported while
10 mM of LPA cannot change the pattern of invasion, migration,
and growth, it can affect cell cycle progression and proliferation
in HCT-116 cells. Furthermore, LPA can increase the activation
of STAT3 and Rho. Meanwhile, inhibition of STAT3 and ROCK
promotes the LPA-induced expression of cyclins B1, E1, and
A2 (63).
MICRORNAS AND LYSOPHOSPHATIDIC
ACID IN VARIOUS CANCERS

Table 1 lists various miRNAs involved with LPA and its
signaling pathways in various cancers. Cancer is a significant
cause of morbidity and mortality. According to theWHO, cancer
Frontiers in Oncology | www.frontiersin.org 3
has the most considerable effect on Disability-Adjusted Life
Years (DALYs) among the top 20 causes of disease. Moreover,
cancer imposes a tremendous cost on health care systems and is
the second leading cause of death. Several mechanisms have been
described to explain cancer initiation and progression, and many
environmental and genetic factors are involved in its
pathogenesis. One factor that has been recently studied is the
role of miRNAs in cancer. miRNAs can alter the expression of
oncogenes and tumor suppressor genes and thus can either
promote or suppress cancer. Because, as mentioned above,
LPA and its signaling pathway are important in cancer
development, researchers have tried to discover the role of
LPA in different cancers. Taken together, miRNAs, LPA, and
their interactions could represent a potential target for
cancer therapy.

Sudeepti et al. showed that miR-489-3p could suppress MEK1
(mitogen-activated protein kinase), an enzyme that phosphorylates
and activates mitogen-activated protein kinase encouraging tumor
development and progression. Ironically, adding miR-489-3p to the
cells that express ATX continuously increased the MEK1 activity.
These results suggest that ATX can alter the function of miR-489-3p
(70). Wang et al. investigated the role of miR-101-3p in cancer
development. Their results suggested that miR-101-3p inhibited the
expression of ATX, which is a critical factor in cancer progression.
FIGURE 1 | In vivo functions of the ATX/LPA axis. LPA produced by ATX has been implicated in blood vessel formation, neuropathic pain, lymphocyte homing, and tumor
growth and metastasis. Autotaxin-produced lysophosphatidic acid is involved in tumor development, angiogenesis, metastasis, lymphocyte homing, and neuropathic pain [39–
41]. While LPAR1 is known to promote tumor metastasis and neuropathic pain, the exact LPA receptors contributing to other processes are unknown.
June 2022 | Volume 12 | Article 917471
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Additionally, they showed that adding LPA could abrogate this
miRNA’s tumor suppressor activity (71).

Breast Cancer
Excluding non-melanoma skin cancer, breast cancer (BrCA) is
the most common cancer in women and has significant mortality
(74, 75). Several pathophysiological risk factors, such as estrogen,
progesterone, hormone receptors, etc., affect the patient’s
prognosis and the tendency to metastasize (76–78). LPA and
miRNAs are also involved in the pathophysiology of this cancer.
LPA activates LPAR1, which activates 74 different genes that are
important in tumor progression, invasion, and metastasis, for
example, vimentin (VIM) (69, 79). In their study, David and his
colleagues figured out that the LPA induced early gene
expression in three kinds of unrelated cancer cell lines
expressing various types of LPA receptors (79). Through the
genes which were upregulated via LPA, only in the cells where
LPAR1 was expressed, they proved by ELISA and q-PCR that
Ki16425 and Debio0719 (LPAR1-3 antagonists) impeded the
HB-EGF (heparin-binding EGF like growth factor) up-
regula t ion. The HB-EGF mRNA upregulat ion and
downregulation were evaluated by the human breast cancer
cell lines MDA-B02/LPAR1 and MDA-B02/shLPAR1,
respectively. Clinically, they measured the HB-EGF and LPAR1
levels through q-PCR in the primary tumors of 234 breast cancer
patients who participated in a cohort study, and also found that
their breast tumors significantly expressed high levels of HB-
EGF. In their study, they evaluated the expression of HB-EGF
Frontiers in Oncology | www.frontiersin.org 4
mRNA in xenograft prostate tumors in mice injected with PC-3
cells and then went under five days of treatment with Ki1645.
Their data revealed that HB-EGF could be utilized as a novel
factor to demonstrate the LPAR1 activations in patients who
were administered by anti-LPAR1 agents (79).

Sahay et al., by evaluating the 1488 human breast tumor data,
revealed that the most correlated gene with LPAR-1 [encoding
LPAR1] was the transcription factor ZEB1. Their data from three
different basal cell lines proved that LPA induced the expression
of ZEB1 and its modulat ion via the LPAR1/PI3K
(Phosphatidylinositol-3-Kinase) pathway. Further analysis by
RT-PCR and DNA microarray also showed that LPA, through
the LPA1/PI3K/ZEB1-dependent mechanism, increased the
expression of miR-21, one of the most well-known oncomiRs.
Interestingly, utilizing the miR-21 inhibitor or silencing LPAR1
or ZEB-1 completely prevented the LPA-induced cell migration
and also prevented invasion and tumor cell bone colonization
entirely in vitro and in vivo, respectively. Finally, their results
showed a new LPA-induced molecular pathway that targets
LPAR1 in basal breast cancer patients (69).

Ovarian Cancer
Ovarian cancer is another common malignancy and the eighth
cause of cancer mortality among women (80). Ovarian cancer
has several subtypes, each related to a specific type of cell resident
within the ovary. These cell types include epithelial, serous,
endometroid, clear cell, and mucinous. Recent investigations
have shown that miRNAs, in common with many other
TABLE 1 | Various miRNAs have been reported to be involved with LPA and its signaling pathways in various cancers.

Disease MicroRNA Effect Target Model Cell line Ref

Gastric cancer miR-501-5p Increased proliferation and migration of GC cells by LPAR1 down-regulation LPAR1 In
vitro,
Human

BGC823,
MKN28,
MGC803,
SGC790

[64]

Ovarian
cancer

miR-30c-2-3p LPA increased the expression of both ATF3 mRNA and miR-30c-2-3p in ovarian
and renal cancer cells. However, miR-30c-2-3p binds to ATF3 mRNA and inhibits
its translation./LPA upregulated miR-30c-2-3p, which suppressed BCL9
expression and inhibited proliferation.

ATF3/
BCL9

In vitro SKOV-3,
OVCAR-3/
OVCAR-3,
SKOV-3, HeyA8

[65,
66]

Osteosarcoma miR-340-5p MiR-340-5p targeted 3′ end of LPAATb. Reduction of miR-340-5p increased the
expression of LPAATb.

LPAATb In vitro MG-63, Saos-2 [67]

Kaposi
Sarcoma

miR-K10a,
miR-K4-3p (miRs
encoded by Kaposi
sarcoma-associated
herpesvirus)

miRNAs of KHSV targeted ROCK2 and thus decreased the expression of ICAM1
mediated by LPA.

ROCK2 In vitro Primary human
umbilical vein
endothelial cells
(HUVECs)

[68]

Breast Cancer miR-21 LPA upregulated miR-21 via LPAR1/PI3K/ZEB1 pathway. PTEN,
PDCD4,
SPRY2

In vitro MDA-MB-231,
Hs578T

[69]

Malignant
tumors

miR-489-3p MiR-489-3p inhibited MEK1 and proliferation. In the presence of Autotaxin, this
effect was reversed, and miR-489-3p increased the MEK1 level.

MEK1 In vivo [70]

Cancer miR-101-3p miR-101-3p targeted ATX mRNA and inhibited ATX expression ATX In vitro HT29, HCT116 [71]
Gastric cancer miR-146a NF-kB activation via LPA signaling is inhibited by miR-146a. miR-146a reduced

cytokines and growth factors involved in tumor progression and monocyte
attraction.

CARD10,
COPS8

In vivo,
Human

[72]

Osteosarcoma miR-24 miR-24 targeted LPAATb, and reduced proliferation. LPAATb In vitro
Human

MG63, 143B,
hFOB1.19

[73]

Ovarian
cancer

miR-15b miR-15b represses the proliferation and drives the senescence and apoptosis of
ovarian cancer cells through the suppression of LPAR3 and the PI3K/Akt
pathway

LPAR3,
Bcl-2

In vitro
Human

ES-2, Caov-4,
SKOV-3,
OVCAR-3,OV-
1063
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cancers, are involved in ovarian cancer. MiR-15b is a member of
the miR-15/16 family and is involved in cancers such as ovarian,
gastric, glioma, and cerebral ischemic disease (81–83). MiR-15b
regulates apoptosis by binding to the B cell lymphoma-2 (Bcl-2)
3’-UTR, which is highly expressed in cancer cells, hepatic cells,
and mesenchymal stem cells (MSC) (84–86). In addition, miR-
15b can interact with LPAR3 and the PI3K/Akt pathway.
However, the effect of this miRNA is different from other
miRNAs discussed above. MiR-15b can repress proliferation,
migration, and invasion of ovarian cancer cells by binding to
LPAR3 mRNA and inhibiting Bcl-2 and the PI3K/Akt pathway.
Thus, this miRNA exerts an anti-tumorigenic effect (87).

MiR-30c-2-3p is another miRNA involved in ovarian cancer
through LPA signaling and is increased in ovarian and renal
cancer cells (66, 88). The lysophosphatidic acid signaling induces
miR-30c-2-3p, which is correlated with the down-regulation of
oncogenic mRNA like the BCL-9 transcript, and it could be so
valuable in ovarian cancer (65).

ATF3 is a member of the molecular hub that belongs to the
ATF/CREB (cyclic AMP response element-binding) family that
plays an integral role in inducing the proliferation abilities of
malignant cells. ATF3 expression is low, but the genotoxic
agents, physiological stresses, and cytokines can increase its
expression (89). The assessment of primary ovarian tumor
gene expression revealed that the expression of ATF3 mRNA is
directly correlated with symptoms of depression in patients
suffering from ovarian carcinoma (90, 91). So these findings
reveal the functional role of ATF3 in primary ovarian carcinoma
(92). However, ATF3 has paradoxical effects on the different
kinds of cancer. It has pro-tumorigenic effects, and on the other
hand, it also has anti-tumorigenic effects. For instance, the role of
ATF3 in bladder cancer is to suppress the metastasis abilities, but
in cutaneous squamous cell carcinoma, it provokes the
oncogenic effects (93). Moreover, in some types of ovarian
cancer, ATF3 promotes the apoptosis mechanism, but in
others, it is associated with poor prognosis outcomes (94).

According to the findings, miR-30c-2-3p inhibited the
expression of transcription factors such as BCL9, Cyclin E1, X-
box binding protein-1, and HIF2A, as well as the NF-kB
signaling pathway and an adaptor protein (65, 95, 96). Part of
the transcription repression mechanism for ATF3 is correlated
with histone deacetylases and miR-494. However, it still needs
more studies to explain the complete mechanism and elements
involved with ATF3 regulation (97, 98).

The findings indicate that miR-30c-2-3p targets ATF3
mRNA. The bioinformatics techniques, luciferase assays, qRT-
PCR, and immunoblotting revealed the supervisory pathway
between the miR-30c-2-3p and ATF3. Lysophosphatidic acids
can stimulate ATF3 and miR-30c-2-3p expression, as the highest
expression rate occurs after one hour and disappears after 8
hours in ovarian cancer cells. Specific mutations introduced into
the predicted interaction site between miR-30c-2-3p and the
ATF3 3´-UTR diminish the luciferase signal. Additionally, after
lysophosphatidic acid stimulation, the existence of anti-miR-30c-
2-3p enhanced ATF3 mRNA and protein. These findings
indicated that the expression of miR-30c-2-3p was increased in
Frontiers in Oncology | www.frontiersin.org 5
the presence of LPA, leading to increased proliferation in
malignant cells (66). They also showed that miR-30c-2-3p
could bind to ATF3 mRNA and inhibit its translation.

Gastric Cancer
Gastric cancer is the fifth most common cancer in men and the
third most common cause of cancer (99). Like other cancers,
several pathophysiologic factors are essential in the progression
of gastric cancer, such as inflammation, nuclear factor-kB
(NF-kB) activation, immune suppression, etc. NF-kB is
involved in cell proliferation and can be activated by G-protein
coupled receptors (GPCR). Caspase recruitment domain-
containing protein 10 (CARD10) and COP9 signalosome
complex subunit 8 (COPS8) are two proteins involved in
GPCR-mediated activation of NF-kB. LPA can activate the
NF-kB pathway via these proteins and cause tumor
progression. However, CARD10 and COPS8 are direct targets
of miR-146a, and over-expression of this miRNA can inhibit the
activation of NF-kB via LPA, reduce cytokine and growth factor
secretion and inhibit monocyte attraction. MiR-146a probably
has an essential role in NF-kB regulation as it is increased in
most gastric cancers (72).

MiR-501-5p is another miRNA involved in the progression of
gastric cancer (64).Ma et al. propose the study to evaluate the role
of miR-501-5p in GC cell lines and explore its function and
expression in human gastric cancer cell lines (64). By qRT-PCR,
their data revealed that miR-501-5p expression increased in GC
cell lines and carcinoma tissues. Their further analysis by cell
migration assay and cell counting Kit-8 colony formation
showed a direct correlation between the miR-501-5p
downregulation and alleviated the GC cell migration and
proliferation abilities. Moreover, they figured out that by
silencing the miR-501-5p expression in GC cell lines, the cell
cycle arrest in G2 and its apoptosis mechanism were provoked.
The extra analysis by dual-luciferase reporter gene assay and
Western blot analysis showed that the target of miR-501-5p was
lysophosphatidic acid reporter-1 and reduced its expression in
GC cell lines. Authors suggested that miR-501-5p down-
regulated LPAR1 expression could promote cell proliferation
and migration (64).

Osteosarcoma
Osteosarcoma is the most common primary malignant bone
tumor among children and adolescents (100). Despite its
frequency, the precise mechanisms of osteosarcoma cell
proliferation remain obscure. Different miRNAs are involved
in osteosarcoma. Over-expression of miR-34a repressed tumor
growth and metastasis of osteosarcoma, probably via c-Met
down-regulation (101). A similar effect was caused by miR-
125b, but this time through suppression of STAT3 (102). Mir-
199a-3p is a regulator of cell proliferation and migration and is
down-regulated in osteosarcoma (103). Mir-143 is involved in
osteosarcoma by reducing cell viability, increasing apoptosis, and
repressing tumorigenicity through targeting Bcl-2 (104). LPA is
another molecular factor involved in osteosarcoma. Some studies
have suggested that the increased expression of lysophosphatidic
June 2022 | Volume 12 | Article 917471
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acid acyltransferase b (LPAATb) promotes osteosarcoma
proliferation. One of the targets of miR-24 is LPAATb, which
reduces the expression of LPA (73).

Song et al. discovered a link between osteosarcoma cell
proliferation and increased LPAAT-expression levels. The
increased expression of miR-24 in osteosarcoma cells resulted
in the downregulation of LPAAT-expression. Overexpression of
miR-24 reduced osteosarcoma cell proliferation while increasing
LPAAT-activity in osteosarcoma cells (73). The other microRNA
whose expression was reduced in osteosarcoma was miR-340-5p.
MiR-340-5p functions similarly to miR-24 in that it targets
LPAATb. An additional study from Song et al. showed that
miR-340-5p powered the cisplatin (CDDP)-induced cell death
mechanisms. MiR-340-5p overexpression led to a decline of the
IC50 of CDDP and induced the apoptosis of CDDP-resistant
MG-63 and Saos-2 cells. Also, miR-340-5p reduced the MDR-1
andMRP-1 levels. They dug deeper into the mechanism of action
of miR-340-5p in CDDP-induced cell death. Further evaluation
and analysis through the online program Targetscan detected the
miR-340-3p potential target in lysophosphatidic acid
acyltransferase (LPAATb). According to luciferase reporter
experiments, miR-340-5p binds to the 3′UTR of LPAATb and
stimulates its degradation in both MG-63 and Saos-2 cells.
Silencing LPAATb decreased the IC50 of CDDP and increased
apoptosis in CDDP-resistant MG-63 and Saos-2 cells,
confirming miR-340’s influence on CDDP-induced cell death.
Finally, their findings revealed that miR-340-5p increased CDDP
sensitivity via LPAATb targeting (67).

Kaposi Sarcoma Virus
Kaposi’s sarcoma-associated herpesvirus (KSHV, human
herpesvirus 8) is a herpes virus family member and induces a
low-grade vascular tumor called Kaposi’s sarcoma. Usually, these
lesions are found in mucocutaneous sites like the mouth.
However, the disease can also occur in internal organs. This
virus can express miRNAs (which is rare among viruses), and
these miRNAs may be necessary for the suppression of the
immune system (105). Previous research has shown that
ROCK2 is involved in a pro-inflammatory pathway induced by
lysophosphatidic acid (LPA), which results in the up-regulation
of intercellular adhesion molecule 1 (ICAM1) on the surface of
endothelial cells (106). ICAM1 binds to lymphocyte function-
Frontiers in Oncology | www.frontiersin.org 6
associated antigen 1 (LFA-1) and promotes leukocyte
recruitment and transmigration. Interestingly, ICAM1 is
downregulated from the cell surface and destroyed by the
KSHV lytic protein, K5, in a well-described process, which
might reduce helper T cell recruitment (107–109). As well as a
reduction in ICAM1 expression during latent de novo endothelial
cell infection (110). Gallaher et al. showed that the LPA- induced
intercellular adhesion molecule 1 (ICAM1), which is vital for the
proper function of the immune system against pathogens, was
decreased by KSHV miRNAs, including miR-K4-3p and miR-
K10a (68).
CONCLUSION

The role of miRNAs in different diseases and normal bodily
functions is now widely appreciated. MiRNAs affect gene
expression, and thus they can change the fundamental
phenotype of the cell. LPA signaling is important in many
diseases and for the body’s normal functioning. Both of these
molecules (LPA and miRNAs) can interact, and the inhibition of
one can affect the others. LPA, LPA receptors, and their related
signaling pathways have become a primary target for drug
discovery efforts (111, 112).

Similarly, microRNA-based therapeutics are under broad
investigation by pharmaceutical companies, and several
candidates have entered clinical trials (113). Therefore the
emerging interactions between these two important classes of
biomolecules should be considered an important part of these
pharmaceutical studies. Understanding the role of each of these
molecules in turn, with an emphasis on how they can each affect
the other, is becoming more vital to future efforts in drug
development, especially for cancer but also for other diseases.
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et al. The LPA1/ZEB1/miR-21-Activation Pathway Regulates Metastasis in
Basal Breast Cancer. Oncotarget (2015) 6:20604–20. doi: 10.18632/
oncotarget.3774

70. Kuppa SS, Jia W, Liu S, Nguyen H, Smyth SS, Mills GB, et al. Autotaxin
Exacerbates Tumor Progression by Enhancing MEK1 and Overriding the
Function of miR-489-3p. Cancer Lett (2018) 432:84–92. doi: 10.1016/
j.canlet.2018.05.037

71. Wang Y, Lyu L, Zhang X, Zhang J, Open Bio FEBS. (2019) 9:707–16.
72. Crone SG, Jacobsen A, Federspiel B, Bardram L, Krogh A, Lund AH, et al.

microRNA-146a Inhibits G Protein-Coupled Receptor-Mediated Activation
of NF-kb by Targeting CARD10 and COPS8 in Gastric Cancer. Mol Cancer
(2012) 11:71–1. doi: 10.1186/1476-4598-11-71

73. Song L, Yang J, Duan P, Xu J, Luo X, Luo F, et al. MicroRNA-24 Inhibits
Osteosarcoma Cell Proliferation Both In Vitro and In Vivo by Targeting
Lpaatb. Arch Biochem biophysics (2013) 535:128–35. doi: 10.1016/
j.abb.2013.04.001

74. Waks AG, Winer EP. Breast Cancer Treatment: A Review. Jama (2019)
321:288–300. doi: 10.1001/jama.2018.19323

75. Sun Y-S, Zhao Z, Yang Z-N, Xu F, Lu H-J, Zhu Z-Y, et al. Risk Factors and
Preventions of Breast Cancer. Int J Biol Sci (2017) 13:1387. doi: 10.7150/ijbs.21635

76. Wittliff JL. Steroid-Hormone Receptors in Breast Cancer. Cancer (1984)
53:630–43. doi: 10.1002/1097-0142(19840201)53:3+<630::AID-
CNCR2820531308>3.0.CO;2-3

77. Pichon M-F, Pallud C, Brunet M, Milgrom E. Relationship of Presence of
Progesterone Receptors to Prognosis in Early Breast Cancer. Cancer Res
(1980) 40:3357–60.

78. Saha Roy S, Vadlamudi RK. Role of Estrogen Receptor Signaling in Breast
Cancer Metastasis. Int J Breast Cancer (2012) 2012:654698. doi: 10.1155/
2012/654698

79. David M, Sahay D, Mege F, Descotes F, Leblanc R, Ribeiro J, et al.
Identification of Heparin-Binding EGF-Like Growth Factor (HB-EGF) as
a Biomarker for Lysophosphatidic Acid Receptor Type 1 (LPA 1) Activation
in Human Breast and Prostate Cancers. PloS One (2014) 9:e97771. doi:
10.1371/journal.pone.0097771

80. Webb PM, Jordan SJ. Epidemiology of Epithelial Ovarian Cancer. Best Pract
Res Clin Obstet Gynaecol (2017) 41:3–14. doi: 10.1016/j.bpobgyn.
2016.08.006

81. Sun G, Shi L, Yan S, Wan Z, Jiang N, Fu L, et al. MiR-15b Targets Cyclin D1
to Regulate Proliferation and Apoptosis in Glioma Cells. BioMed Res Int
(2014). doi: 10.1155/2014/687826

82. Shi H, Sun B-l, Zhang J, Lu S, Zhang P, Wang H, et al. miR-15b Suppression
of Bcl-2 Contributes to Cerebral Ischemic Injury and is Reversed by
Sevoflurane Preconditioning. CNS Neurological Disorders-Drug Targets
(Formerly Curr Drug Targets-CNS Neurological Disorders) (2013) 12:381–
91. doi: 10.2174/1871527311312030011

83. Zhao C, Li Y, Chen G, Wang F, Shen Z, Zhou R. Overexpression of miR-15b-
5p Promotes Gastric Cancer Metastasis by Regulating PAQR3. Oncol Rep
(2017) 38:352–8. doi: 10.3892/or.2017.5673

84. Lauwers GY, Scott GV, Karpeh MS. Immunohistochemical Evaluation of
Bcl-2 Protein Expression in Gastric Adenocarcinomas. Cancer (1995)
75:2209–13. doi: 10.1002/1097-0142(19950501)75:9<2209::AID-
CNCR2820750904>3.0.CO;2-M

85. Jin S, Li H, Han M, Ruan M, Liu Z, Zhang F, et al. Mesenchymal Stem Cells
With Enhanced Bcl-2 Expression Promote Liver Recovery in a Rat Model of
Hepatic Cirrhosis. Cell Physiol Biochem (2016) 40:1117–28. doi: 10.1159/
000453166
June 2022 | Volume 12 | Article 917471

https://doi.org/10.1681/ASN.2007020196
https://doi.org/10.1073/pnas.97.24.13384
https://doi.org/10.1073/pnas.97.24.13384
https://doi.org/10.1161/CIRCRESAHA.108.180778
https://doi.org/10.3748/wjg.v22.i8.2503
https://doi.org/10.3748/wjg.v22.i8.2503
https://doi.org/10.1152/ajpgi.00321.2010
https://doi.org/10.1038/nature03505
https://doi.org/10.1095/biolreprod.115.131110
https://doi.org/10.1177/1933719118766263
https://doi.org/10.12659/MSM.919820
https://doi.org/10.12659/MSM.919820
https://doi.org/10.1042/BSR20201555
https://doi.org/10.1016/j.jdermsci.2015.03.006
https://doi.org/10.1038/ng.84
https://doi.org/10.1007/s10620-013-2878-4
https://doi.org/10.1371/journal.pone.0139094
https://doi.org/10.1002/jcb.29426
https://doi.org/10.1002/jcb.29426
https://doi.org/10.1158/1541-7786.MCR-11-0245
https://doi.org/10.1371/journal.pone.0139489
https://doi.org/10.1590/1414-431x20176359
https://doi.org/10.1371/journal.ppat.1003584
https://doi.org/10.18632/oncotarget.3774
https://doi.org/10.18632/oncotarget.3774
https://doi.org/10.1016/j.canlet.2018.05.037
https://doi.org/10.1016/j.canlet.2018.05.037
https://doi.org/10.1186/1476-4598-11-71
https://doi.org/10.1016/j.abb.2013.04.001
https://doi.org/10.1016/j.abb.2013.04.001
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.7150/ijbs.21635
https://doi.org/10.1002/1097-0142(19840201)53:3+%3C630::AID-CNCR2820531308%3E3.0.CO;2-3
https://doi.org/10.1002/1097-0142(19840201)53:3+%3C630::AID-CNCR2820531308%3E3.0.CO;2-3
https://doi.org/10.1155/2012/654698
https://doi.org/10.1155/2012/654698
https://doi.org/10.1371/journal.pone.0097771
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.1155/2014/687826
https://doi.org/10.2174/1871527311312030011
https://doi.org/10.3892/or.2017.5673
https://doi.org/10.1002/1097-0142(19950501)75:9%3C2209::AID-CNCR2820750904%3E3.0.CO;2-M
https://doi.org/10.1002/1097-0142(19950501)75:9%3C2209::AID-CNCR2820750904%3E3.0.CO;2-M
https://doi.org/10.1159/000453166
https://doi.org/10.1159/000453166
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Rafiyan et al. Lysophosphatidic Acid Signaling and microRNAs in Cancer
86. Yang Y, Zhu J, Gou H, Cao D, Jiang M, Hou M. Clinical Significance of Cox-
2, Survivin and Bcl-2 Expression in Hepatocellular Carcinoma (HCC). Med
Oncol (2011) 28:796–803. doi: 10.1007/s12032-010-9519-y

87. Li GC, Qin XL, Song HH, Li YN, Qiu YY, Cui SC, et al. Upregulated
microRNA-15b Alleviates Ovarian Cancer Through Inhitbition of the PI3K/
Akt Pathway by Targeting LPAR3. J Cell Physiol (2019) 234:22331–42. doi:
10.1002/jcp.28799

88. Yu S, Murph MM, Lu Y, Liu S, Hall HS, Liu J, et al. Lysophosphatidic Acid
Receptors Determine Tumorigenicity and Aggressiveness of Ovarian Cancer
Cells. J Natl Cancer Institute (2008) 100:1630–42. doi: 10.1093/jnci/djn378

89. Thompson MR, Xu D, Williams BR. ATF3 Transcription Factor and its
Emerging Roles in Immunity and Cancer. J Mol Med (Berlin Germany)
(2009) 87:1053–60. doi: 10.1007/s00109-009-0520-x

90. Cole SW, Arevalo JM, Takahashi R, Sloan EK, Lutgendorf SK, Sood AK, et al.
Computational Identification of Gene-Social Environment Interaction at the
Human IL6 Locus. Proc Natl Acad Sci United States America (2010)
107:5681–6. doi: 10.1073/pnas.0911515107

91. Lutgendorf SK, DeGeest K, Sung CY, Arevalo JM, Penedo F, Lucci J3rd, et al.
Depression, Social Support, and Beta-Adrenergic Transcription Control in
Human Ovarian Cancer. Brain behavior Immun (2009) 23:176–83. doi:
10.1016/j.bbi.2008.04.155

92. Thaker PH, Han LY, Kamat AA, Arevalo JM, Takahashi R, Lu C, et al. Chronic
Stress PromotesTumorGrowthandAngiogenesis in aMouseModel ofOvarian
Carcinoma. Nat Med (2006) 12:939–44. doi: 10.1038/nm1447

93. Yuan X, Yu L, Li J, Xie G, Rong T, Zhang L, et al. ATF3 Suppresses
Metastasis of Bladder Cancer by Regulating Gelsolin-Mediated Remodeling
of the Actin Cytoskeleton. Cancer Res (2013) 73:3625–37. doi: 10.1158/0008-
5472.CAN-12-3879

94. Syed V, Mukherjee K, Lyons-Weiler J, Lau KM, Mashima T, Tsuruo T, et al.
Identification of ATF-3, Caveolin-1, DLC-1, and NM23-H2 as Putative
Antitumorigenic, Progesterone-Regulated Genes for Ovarian Cancer Cells
by Gene Profiling. Oncogene (2005) 24:1774–87. doi: 10.1038/sj.onc.1207991

95. Shukla K, Sharma AK, Ward A, Will R, Hielscher T, Balwierz A, et al.
MicroRNA-30c-2-3p Negatively Regulates NF-kb Signaling and Cell Cycle
Progression Through Downregulation of TRADD and CCNE1 in Breast
Cancer. Mol Oncol (2015) 9:1106–19. doi: 10.1016/j.molonc.2015.01.008

96. Benesch MG, Tang X, Maeda T, Ohhata A, Zhao YY, Kok BP, et al.
Inhibition of Autotaxin Delays Breast Tumor Growth and Lung
Metastasis in Mice. FASEB journal: Off Publ Fed Am Societies Exp Biol
(2014) 28:2655–66. doi: 10.1096/fj.13-248641

97. Lan YF, Chen HH, Lai PF, Cheng CF, Huang YT, Lee YC, et al. MicroRNA-
494 Reduces ATF3 Expression and Promotes AKI. J Am Soc Nephrology:
JASN (2012) 23:2012–23. doi: 10.1681/ASN.2012050438

98. Darlyuk-Saadon I, Weidenfeld-Baranboim K, Yokoyama KK, Hai T,
Aronheim A. The bZIP Repressor Proteins, C-Jun Dimerization Protein 2
and Activating Transcription Factor 3, Recruit Multiple HDACMembers to
the ATF3 Promoter. Biochim Biophys Acta (2012) 1819:1142–53. doi:
10.1016/j.bbagrm.2012.09.005

99. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric
Cancer. Lancet (2020) 396:635–48. doi: 10.1016/S0140-6736(20)31288-5

100. Murphey MD, Robbin MR, MCRae GA, Flemming DJ, Temple HT,
Kransdorf MJ. The Many Faces of Osteosarcoma. Radiographics (1997)
17:1205–31. doi: 10.1148/radiographics.17.5.9308111

101. Yan K, Gao J, Yang T, Ma Q, Qiu X, Fan Q, et al. MicroRNA-34a Inhibits the
Proliferation and Metastasis of Osteosarcoma Cells Both In Vitro and In
Vivo. PloS One (2012) 7:e33778. doi: 10.1371/journal.pone.0033778

102. Liu L-h, Li H, Li J-p, Zhong H, Zhang H-c, Chen J, et al. miR-125b
Suppresses the Proliferation and Migration of Osteosarcoma Cells
Frontiers in Oncology | www.frontiersin.org 9
Through Down-Regulation of STAT3. Biochem Biophys Res Commun
(2011) 416:31–8. doi: 10.1016/j.bbrc.2011.10.117

103. Duan Z, Choy E, Harmon D, Liu X, Susa M, Mankin H, et al. MicroRNA-
199a-3p is Downregulated in Human Osteosarcoma and Regulates Cell
Proliferation and Migration. Mol Cancer Ther (2011) 10:1337–45. doi:
10.1158/1535-7163.MCT-11-0096

104. Zhang H, Cai X, Wang Y, Tang H, Tong D, Ji F. microRNA-143, Down-
Regulated in Osteosarcoma, Promotes Apoptosis and Suppresses
Tumorigenicity by Targeting Bcl-2. Oncol Rep (2010) 24:1363–9.

105. Radu O, Pantanowitz L. Kaposi Sarcoma. Arch Pathol Lab Med (2013)
137:289–94. doi: 10.5858/arpa.2012-0101-RS

106. Shimada H, Rajagopalan LE. Rho Kinase-2 Activation in Human Endothelial
Cells Drives Lysophosphatidic Acid-Mediated Expression of Cell Adhesion
Molecules via NF-kappaB P65. J Biol Chem (2010) 285:12536–42. doi:
10.1074/jbc.M109.099630

107. Means RE, Lang SM, Jung JU. The Kaposi’s Sarcoma-Associated
Herpesvirus K5 E3 Ubiquitin Ligase Modulates Targets by Multiple
Molecular Mechanisms. J Virol (2007) 81:6573–83. doi: 10.1128/
JVI.02751-06

108. Coscoy L, Ganem D. A Viral Protein That Selectively Downregulates ICAM-
1 and B7-2 and Modulates T Cell Costimulation. J Clin Invest (2001)
107:1599–606. doi: 10.1172/JCI12432

109. Manes TD, Hoer S, Muller WA, Lehner PJ, Pober JS. Kaposi’s Sarcoma-
Associated Herpesvirus K3 and K5 Proteins Block Distinct Steps in
Transendothelial Migration of Effector Memory CD4+ T Cells by
Targeting Different Endothelial Proteins. J Immunol (Baltimore Md.: 1950)
(2010) 184:5186–92. doi: 10.4049/jimmunol.0902938

110. Tomescu C, Law WK, Kedes DH. Surface Downregulation of Major
Histocompatibility Complex Class I, PE-CAM, and ICAM-1 Following De
Novo Infection of Endothelial Cells With Kaposi’s Sarcoma-Associated
Herpesvirus. J Virol (2003) 77:9669–84. doi: 10.1128/JVI.77.17.9669-
9684.2003

111. Tigyi G. Aiming Drug Discovery at Lysophosphatidic Acid Targets. Br J
Pharmacol (2010) 161:241–70. doi: 10.1111/j.1476-5381.2010.00815.x

112. Llona-Minguez S, Ghassemian A, Helleday T. Lysophosphatidic Acid
Receptor (LPAR) Modulators: The Current Pharmacological Toolbox.
Prog Lipid Res (2015) 58:51–75. doi: 10.1016/j.plipres.2015.01.004

113. Rupaimoole R, Slack FJ. MicroRNA Therapeutics: Towards a New Era for
the Management of Cancer and Other Diseases, Nature Reviews. Drug
Discovery (2017) 16:203–22. doi: 10.1038/nrd.2016.246

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Rafiyan, Abadi, Zadeh, Hamblin, Mousavi and Mirzaei. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2022 | Volume 12 | Article 917471

https://doi.org/10.1007/s12032-010-9519-y
https://doi.org/10.1002/jcp.28799
https://doi.org/10.1093/jnci/djn378
https://doi.org/10.1007/s00109-009-0520-x
https://doi.org/10.1073/pnas.0911515107
https://doi.org/10.1016/j.bbi.2008.04.155
https://doi.org/10.1038/nm1447
https://doi.org/10.1158/0008-5472.CAN-12-3879
https://doi.org/10.1158/0008-5472.CAN-12-3879
https://doi.org/10.1038/sj.onc.1207991
https://doi.org/10.1016/j.molonc.2015.01.008
https://doi.org/10.1096/fj.13-248641
https://doi.org/10.1681/ASN.2012050438
https://doi.org/10.1016/j.bbagrm.2012.09.005
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.1148/radiographics.17.5.9308111
https://doi.org/10.1371/journal.pone.0033778
https://doi.org/10.1016/j.bbrc.2011.10.117
https://doi.org/10.1158/1535-7163.MCT-11-0096
https://doi.org/10.5858/arpa.2012-0101-RS
https://doi.org/10.1074/jbc.M109.099630
https://doi.org/10.1128/JVI.02751-06
https://doi.org/10.1128/JVI.02751-06
https://doi.org/10.1172/JCI12432
https://doi.org/10.4049/jimmunol.0902938
https://doi.org/10.1128/JVI.77.17.9669-9684.2003
https://doi.org/10.1128/JVI.77.17.9669-9684.2003
https://doi.org/10.1111/j.1476-5381.2010.00815.x
https://doi.org/10.1016/j.plipres.2015.01.004
https://doi.org/10.1038/nrd.2016.246
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Lysophosphatidic Acid Signaling and microRNAs: New Roles in Various Cancers
	Introduction
	Lysophosphatidic Acid Structure and Biological Function
	MicroRNAs and Lysophosphatidic Acid in Various Cancers
	Breast Cancer
	Ovarian Cancer
	Gastric Cancer
	Osteosarcoma
	Kaposi Sarcoma Virus

	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


