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Abstract

Secreted PLA2 (sPLA2) enzyme, which shows the unique cellular properties and distinct biological roles, is the lipolytic enzyme that acts on glycerophospholipids
to induce the release of free fatty acids (FAs). Many researches have reported the human sPLA2s are expressed abnormally in various cancers. But it is still not clear
about the specific isoforms function of sSPLA2 in these cancers, and its function roles in various cancers. In this review, we will introduce the mechanism and pathway
of sPLA2 in cancers as well as the relationship with lipid metabolism. Then we will further discuss the novel technologies which can be applied to explore the action
of particular sPLA2 enzyme in lung cancer and the mechanisms of drugs such as small molecule inhibitors or traditional Chinese medicines, with the potential to

treat diseases associated with inflammation and lipid metabolism.

Role and pathogenesis of sSPLA2 on cancer

Phospholipase A2 (PLA2) isthe various class of esterase that
cleaves glycerophospholipids at the sn-2 bond to yield the fatty acid
and the lysophospholipid [1]. PLA2 has more than 30 isoforms, which
was divided into six subfamilies: cytosolic PLA2 (cPLA2), calcium-
independent PLA2 (iPLA2), small molecular weight secretory PLA2
(sPLA2), lysosomal PLA2, platelet activating factor acetylhydrolases,
and adipose specific PLA2 (AdPLA2) [2].

PLA2 enzyme has the function to regulate the release of biologically
active fatty acids and lysophospholipids from membrane phospholipid
pools, suggesting its role as substrates for intracellular biochemical
pathways that generate potent autocrine and paracrine lipid mediators
participating in regulating cell proliferation, survival, differentiation,
motility, tissue vascularization [3,4]. cPLA2a (the prototypic cPLA2)
plays a major role in the initiation of arachidonic acid metabolism,
the iPLA2 family contributes to membrane homeostasis and energy
metabolism, and the sPLA2 family generally function outside of the
cell [5]. Although there are a lot of researches focused on the sPLA2,
the specific isoform enzyme of sSPLA2 in lung cancer especially sPLA2
is still unclear. In this review, we will highlight and mianly talk about
the function and key role of sPLAs in cancer.

It has been reported that PLA2 subtypes (IIA, IID, IIF, III, V, X)
are expressed in different cancers, while the mechanism has not been
elaborated clearly yet. As indicated in (Table 1), the pathological
meachnism of sPLA2s in cancer is associated with arachidonic acid
(AA) metabolism and stimulation of AA synthesis [6-8]. AA is released
from the sn-2 position of phospholipids and serves as a substrate for
intracellular biochemial pathways generating over hundred potent
autocrine and paracrine lipid mediators, which can be transformed
into eicosanoids through various downstream enzymes to modulate
the tumour progression such as cell growth, apoptosis, migration and
inflammatory processes.
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As shown in (Figure 1), sPLA2 induces the release of AA and
leads to the COX-2-dependent PGE2 formation in cancer cells.
The cyclooxygenase (COX) and lipoxygenase (LOX) pathways are
implicated in the cancer progress,which inhibitior of COX and LOX
pathways could effectively inhibit the development of lung, colon and
prostate cancer [6] .

Human secreted phospholipase A2 (HGIIA sPLA2) plays different
roles in cancers. HGIIA sPLA2 has been testifeid to increase in
patients with lung, oesophageal and prostate cancer, but decreases in
gastric cancer [7,8]. HGIIA sPLA2 is overexpressed in lung cancer
cells and widely regarded as a ligand for the epidermal growth factor
receptor (EGFR) with the poential to activate the HER/HER2-elicited
signaling [9], as shown in (Figure 1). In addition, sSPLA2 inhibitor is
capable of decreasing the expression of ICAM-1in human esophageal
adenocarcinoma cells, which is induced by nuclear factor-xB activation
[10]. Meanwhile, since the HGIIA sPLA2 controbutes to the prostate
tumor progression, it could act as a prognostic biomarker for prostate
cancer [11]. Moreover, HGIIA sPLA2 is also dected in colon cancer.
However, HGIIA sPLA2 expression appears to reduce in gastric cancer.
$100 calcium-binding protein A4 (S100A4) is of great importance in
the metastatic progression of tumor cells through impacting on several
steps in the metastatic cascade, including migration, invasiveness,
and angiogenesis, and is associated with prognosis in several cancers

*Correspondence to: Elaine Lai-Han Leung and Xiao-Jun Yao, Department
of Thoracic Surgery, Guangzhou Institute of Respiratory Health and State Key
Laboratory of Respiratory Disease, The First Affiliated Hospital of Guangzhou
Medical University, Guangzhou, PR. China, Tel: +853-8897-2409, Fax: +853-
2882-2799, E-mail: Ihleung@must.edu.mo / xjyao@must.edu.mo

Received: December 03, 2020; Accepted: December 22, 2020; Published:
December 24, 2020

Volume 7: 1-8



Fang-Yuan Z (2020) Phospholipase A2 as a novel therapeutic target in lung cancer

KK 4/7 |:;> JNK Il:}}

p53, ATF-2 I L
NFAT4 Apoptosis, differentiation,
; 5 survival , Inflammation

DPC4,MADD, . .
: Tumorigenesis

Cell proliferation, cell

=> :m=>[—1m mr) —

cycle progression, cell

[mark | \|[ ek Jeop{ MkK 36 ) ) (a5 (P38 | P33 ,ATF2,BAX division and differentia
ELKI,MEF2, tion
Sigy MNK1/2
sPLA2 L Arachidonic acid l ::) Prostaglandins 9
COX-2 l ; Cancer development,
progression
[ BGFR )b [ HERHER2-PBK-AL:- %
NF-«B
Figure 1: The SPLA2 signaling pathways in cancers
Table 1. The function of SPLA2 subtypes in different cancers
Subtypes | Type Function Reference
Lung cancer Cells sPLA2-IIa attenuates growth and promotes apoptosis predominantly via its effects on NF-kB activity. [78]
sPLA2-Ila functions as a ligand for the EGFR family of receptors, elevating HER/HER2-elicited signaling. [9]
Plasma sPLA2-Ila is a potential lung biomarker to distinguish benign nodules from lung cancer and to aid lung cancer (79]
diagnosis in patients with SPNs.
sPLA2-Ila could serve as a prognostic biomarker for prostate cancer and a potential surrogate prostate biomarker indicative of
Prostate cancer [11]
tumor burden.
A sPLA2-Ila expression is inversely related to 5-year patient survival, and inhibitors of the group IIa sSPLA?2 is promosing for (80]
prostate cancer chemotherapy.
Stem cells Overexpression of SPLA2-IIA leads to depletion of HFSCs and differentiation associated with altered histone modification, 81]
suggesting its prospective clinical implications.
Astrocytoma cells Adlpokme.leptm is relatec} to the baq prognosis of tumoral and neurodegenerative processes, becoming a potential mediator of 82]
some obesity-related medical complications.
Gastric cancer PLA2G2A expression is an independent predictor of survival for patients with gastric cancer. [76]
Colon cancer sPLA2 type I1A and X are present in human colon cancer. [83]
SsPLA2-IID acts as an immunosuppressive sSPLA2 that allows the microenvironmental lipid balance toward an anti-
1D Inflammation and Cancer  inflammatory state, exerting beneficial or detrimental impact depending upon distinct pathophysiological contexts in [84]
inflammation and cancer.
. SsPLA2-IID could act as a prognostic biomarkers and correlats with immune infiltration in ovarian cancer by integrating tumor
Ovrian cancer . . . X [85]
mutation burden (TMB) and microenvironment analysis.
Lung cancer PLA2G2D-Ser enhances the expression of IL-6 and IL-8 compared with PLA2G2D-Gly in A549 cells. [86]
1IF Inflammatory process sPLA 2-TIF is a potent regulator of AA metabolism and participates in the inflammatory process under certain conditions. [87]
111 Colon cancer sPLA,-IIl is a good candidate as a novel biomarker for both left and right colon cancers. [54]
Colorectal cancer sPLA,-III acts as a novel druggable target for colorectal diseases. [88]
\Y% Glioma tumor PLA2GS could be a potential biomarker for predicting poor prognosis in patients with gliomas. [51]
Cervical cancer FGF19 and PLA2GS could be a biomarker to predict patient overall survival in cervical cancer. [89]
Colon cancer HGX sPLA2 promotes cancer cell proliferation and releases various lipid mediators. [90]
X Breast cancer HGX sPLA2 promotes breast cancer cell growth and survival by stimulating LD formation and FA oxidation. [43]
Melanocytes SPLA2-X plays an important role in cutaneous pigmentation through the release of LPC. [91]
Breast cancer PLA2G10 expression is dependent on the subtype of breast cancer. [92]

[12]. Neural precursor cell expressed developmentally down-regulated
protein 9(NEDD?Y) also contributes to the invasion in different kinds
of cancers including cervical, lung, melanoma, breast cancer [13-16]. It
has been confirmed that HGIIA sPLA2 could inhibit cell invasion and
metastasis through regulating S100A4 and NEDD9 gene expression
[17]. Hence HGIIA sPLA2 expression can act as an independent
predictor of survival for gastric cancer patients, and seems to be a
symbol standing for better prognosis, with the potential to become a
target for gastric cancer treatment in the future. In addition, HGIIA
sPLA2 acts as an antioncogene in intestinal cancer, as the cosmic
transgence overexpressing induce the reduction in tumor multiplicity
and tumor size [18].
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Downstream signaling transduction regulation of sPLA2

As shown in (Figure 1), HGIIA sPLA2 also modulates mitogen-
activated protein kinase (MAPK) signaling [19]. MAPK consists of
three distinct signaling pathways: the extracellular signal-regulated
protein kinases (ERKs), the c-Jun N-terminal kinases or stress-
activated protein kinases (JNK/SAPK), and the p38 family of kinases
[20], which are involved in cell functions including proliferation, gene
expression, differentiation, mitosis, cell survival, and apoptosis [20].
JNK exerts pivotal roles in inflammation and homeostasis, acting
oncogenic or suppressive role in different cancers [21]. JNK-regulated
transcription factors help to regulate gene expression in response to a
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variety of cellular stimuli, including stress events, growth factors and
cytokines, which activates downstream targets including c-Jun, ATF-
2, Elk-1, Myc, Smad3, p53, NFAT4, DPC4 and MADD [20]. C-Jun
is considered as a cooperating oncogene that has the ablity to induce
the cell proliferation, diferentiation and apoptosis. P53, a tumour-
suppressor protein exerting several bioloigical functions including
regulating metabolism, fecundity, cell differentiation and apoptosis
[22]. Moreover, c-Jun has been reported to inhibit p53 expression at the
transcriptional level through acting on the p53 promoter [23]. Ras, one
of the GTPases family which are molecular switches that control many
signal transduction pathways cellular processes in all eukaryotic cells
[24,25] including actin cytoskeleton, membrane transport cell-cycle
and cell adhesion [26]. It has been testified that Ras has the ability to
induce the activation of Raf [27]. Raf contributes to activate MAPK/ERK
kinase (MEK) 1 and MEK2 which in turns catalyze the activation of the
ERK1 and ERK2. After activation, ERK1/ERK2 broadly phosphorylates
several nuclear effector genes involved in diverse cellular responses
such as cell growth, division, migration and angiogenesis. Besides,
ERKs could also be activated by several receptor tyrosine kinases and
growth factor receptors. MEKK could induce the activation of MKK3/6
kinases,which in turns activates P38. P38 regulates the expression of
key inflammatory mediators like cyclooxygenase 2 (COX2), which has
been demonstrated to highly expressed in non-melanoma skin cancer,
intestinal ,colorectal,cervical and breast cancer [28,29], suggesting P38
may act as a cancer promoter. The other proteins regulated by P38
includes p53, ATF2, Bax, ELK1, MEF2, MNK1/2 [30]. In additon, p38
also participates in several cellular responses such as inflammation,
apoptosis ,cell cycle and migration.

Hence, there are increasing small-molecule p38 MAPK inhibitors
that have undergone clinical trials for their anti-inflammatory and
anti-cancer pharmacological action.However, many of them have
failed due to the toxicity and adverse side effects [31,32]. To sum up,
HGIIA sPLA2 participates in the development of cancer by various
enzyme-dependent mechanisms.

Basic research on sPLA2 and its metabolic function

Changes in lipid metabolism can affect numerous cellular and
biological processes, and sPLA2s have the ability to influence lipid
metabolism [33]. Fatty acid (FA), an important component of lipid,
consists of hydrocarbon chains terminating with carboxylic acid
groups participating in physiological activity such as energy storage,
protein modification, signal-transduction pathways and the generation
of signaling molecules. Moreover, as FAs is crucial to tumor progess,
limiting the supplies of FAs can decrease the proliferation of cancer cells
[34]. FAs also act as the ligands for peroxisome proliferator-activated
receptors (PPARs) with three subtypes including PPAR«a, PPARS/p,
and PPARy. PPARs are ligand-regulated transcription factors,
constructing a lipid signaling network between the cell surface and the
nucleus as well as regaulating lipid metabolism [35]. PPARa is found
to be overexpressed in the heart, liver, kidney and muscle and has the
ablility to induce the catabolism of FAs. Moreover, PPAR« expression
induces the oxidative stress, cell proliferation and apoptosis inhibition,
leading to the increase of hepatocarcinogenesis in mice [36]. To sum
up, PPARa exerts a critical role in the metabolism of fatty acid [37,38].
PPARGS is involved in the progress of colorectal and colon cancer, being
adownstream target gene of APC/[B-catenin/TCF pathway and Ras/Raf/
MAPK pathway([39]. PPARY has been demonstrated to be expressed
in many kinds of human cancers including lung ,gastric ,prostate
,breast and colon cancer, resulting in the modulation of apoptosis ,
cell cycle and differentiation [40,41]. PPAR also has inhibitory effect
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on inflammatory reactions through acting on macrophages ,dendritic
cells and lymphocytes,which has the potential to treat Inflammation
and metabolic disorders.

FAs regulate SREBP-1c expression by mediating its competition
with LXR ligand [42]. Meanwhile, FAs released by sSPLA2 membrane
hydrolysis are incorporated into TAGs and stored in cytosolic LDs,
providing a long-term resistance to nutrient and growth factor
starvation-induced cell death [43]. The sPLA2-induced LD formation
in breast cancer cells is accompanied by the activation of AMP-
activated protein kinase (AMPK), maintaining the energy balance
by regulating nutrient supply and demands. Previous study has
demonstrated that AMPK could decrease DVL3 expression which is
related to the activation of the Wnt/f-catenin signaling pathway and
cell proliferaton in breast cancer . Moreover, it has been testified that
the reduction of DVL3 leads to inhibiton of tumor progress in breast
cancer. These results show AMPK may act as a therapeutic target in
breast cancer [44].

In short, besides sPLA2s is essential in the tumor proliferation
and progression, sPLA2s also act as integrated regulators of immune
and metabolic responses. However, up to now, there is few study in
vivo investigating the promoting tumor mechanism and few research
targeting specific subtype in lung cancer. At this moment, there is still
no available targed medicine on the market. Thus we propose further
research on lung cancer patients based on in vitro, in vivo study and
clinical patients validation are worth for investigation in the future.

Inbiological research, animal models are commonly used to evaluate
the growth of tumor. Considering the in vivo microenvironment of
primary lung cancer is discriminative from xenograft tumor growth,
in sPLA2 research the mice models need to be selected. The several
usual mice models used in cancer research include chemically-induced
model, xenograft, orthotropic model and human transgenic mice. As
xenograft model by hypodermic injection is under dispute recently for
the reason that it could not reflect the organ environment of the tumor
[45], which is the most regularly-used mouse model to invetigate the
function of sSPLA2 in vitro. Besides, sSPLA2-IIA is the most studied target
among the sPLA2 subtypes in cancers. Chemically-induced model is a
relatively natural way of tumor induction compared to xenograft, but
it takes a long time to induce the formation of tumor [45]. Moreover
the chemical used will have influence on metabolites, which cannot
be applied in metabolic enzyme study. The transgenic mouse model
has advantages in providing a platform to study the tumorigenesis
in human, PLA2-ITA transgenic mice has been used to evaluate the
functional effects of sSPLA2-IIA induced abnormal signalling on normal
stem cells and cancer cells [46]. However, the disadvantage is that it
is also time-consuming and needs lots of labors [47]. The orthotropic
model provides a more natural environment than the xenograft model.
Most importantly, we find that orthotropic model can mimic influence
on lipid metabolism than xenograft model according to our previous
assay. Hence, we recommend to choose the orthotropic model as
the main mice model to detect the xenograft growth and changes of
metabolomics after specific metabolizing enzyme knockdown. In
addition, microCT, magnetic resonance imaging (MRI), near-infrared
(NIR) and fluorescence reflectance imaging (FRI) also can be applied
to monitor the dynamic growth of tumor in vivo.

Clinical studies of sSPLA2

Overexpression of sPLA2 subtypes correlates with many
pathological diseases including arthritis, inflammatory and
cardiovascular diseases and many types of cancers, which is always
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related to poor prognosis of cancer patients. Hence sPLA2s have the
potential to become therapeutic targets in cancers [48]. As it appears
numerous subtypes of sPLA2, the primary difficulty is to identify
the specific isoform which functions as a promotor in NSCLC. The
common methods to investigate the expression of each sPLA2 isoform
in cancer include gene sequencing analysis and protein conventional
microarray. With these methods, we could receive clear distinguished
isoforms from the samples that we tested. Then depending on other
biological assays, such as knockdown and overexpression of the
specific isoform gene sequence, we can understand the exact function
of each isoform. However, two aspects of disadvantages limit its broad
prospect of utilization in different enzymes.

(1). The experimental period is long. Besides the reason for
individual differences, it needs a large sample size which makes the
time consumption even longer.

(2). The cost is also so high that not every research group could
afford it. Thus we paid attention to The Cancer Genome Atlas (TCGA)
that is a public funded project aiming to catalogue and discover major
cancer-causing genome alterations in human tumours through high-
throughput technologies and next-generation genome sequencing
for improving the methods of prevention, diagnosis and treatment of
cancer [49,50]. TCGA has characterized the molecular landscape of
tumors from 11,160 patients across 33 cancer types [49]. Comparing
to the above mentioned methods, the advantages of TCGA are that it
has a larger size of sample collection with little cost and it is easier to
get and analyze clinical information and molecular data. Moreover,
TCGA could be also used to investigate the connection between the
expressions of the certain gene with prognosis of cancers. Since there
are lots of researches about the functions or mechnasims of sPLA2
subtypes in human tumors, some studys refer to the connection
between expression of the SPLA2 subtypes and cancer prognosis by
the utilization of TCGA database. For example, it has reported that
phospholipase A2 group V(PLA2G)5 gene was linked to poor prognosis
in patients with gliomas [51]. Therefore, it is feasible and promising to
apply the TCGA database to screen the sSPLA2 subtypes associated with
specific cancer.

Immunohistochemistry (IHC) is a common laboratory tool
based on the principle of specific binding of antibody and antigen to
detect the distribution and localization of biomarkers and evulate the
changes of the protein expression in pathological tissue, which could
used for diagnosis and prognostic of cancers [52]. IHC also exerts
an important role in pathology, particularly in surgical pathology
oncologic pathology, neuropathology [53] .sPLA2s ((IIA, IID, III, V)
have been confirmed to elvated in pathological tissue sections from
gastric ,prostate, adenocarcinomas and glioma tumors and may acts
as biomarkers [11,51,54,55]. Hence, we sought to expore more sPLA2
subtypes expression in clinical tissues from cancer patients.

Drug discoveory of sPLA2 and its association with in-
flammation and lipid metabolism

Inflammatory and lipid metabolism is closely related in many
disease, such as diabetes, atherosclerosis and cardiovascular disease.
Lipid species could positively and negatively regulate inflammatory
responses. Conversely, inflammatory signaling able to affect the lipid
metabolism in the liver, adipose tissue, skeletal muscle, and other
tissues and organs in diseases [56].

Many studies has reported that traditional Chinese medicines
(TCMs) have the potential to moderate lipid metabolism and
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inflammation through various mechnasims and have therapeutic
effect on specific diseases. Hence, increasing effective compounds
from TCM have been identified. This part, we focus on some of the
compounds derived from TCM on several diseases. Diabetes is usually
associated with dysregulation of inflammation and the abnormalities
of lipid metabolism. Rhizoma Coptidis is a TCM that have been used
to treat diabetes in anceient China for thousand of years. Berberine
which is the main active compound extracted from Rhizoma coptidis
has been found to have effect on patients with type II diabetes by its
antilipogenic and hypoglycemic effect and the ability to inhibiting
the cholesterol absorption [57,17,58]. Moreover, berberine could
inhibit insulin sensitization, insulin secretion and { cells regeneration
as well as antioxidant activity in experimental rats [59]. Astragalus
polysaccharides (APS) extracted from adix Astragali reduces the
endoplasmic reticulum stress and the expression of protein tyrosine
phosphatase 1B in type 2 diabetic rats [60]. Saponin, a chemically
heterogeneous class of steroid and triterpenoid glycosides,which is
found in many kinds of TCM, has the function to regulate blood lipids,
increase glucose tolerance to maintain normal blood sugar levels [61].
Quercetin, a polyphenolic substance widely found in many plants,
has the potential to decrease blood glucose levels and elevate plasma
insulin levels. Quercetin also could ameliorate vascular functional and
structural derangements caused by diabetes[62]. Ginseng is a well-
known TCM that is widespreadly used in east-asian and is permitted as
the dietary supplement in the United States. Ginseng is supposed to be
an promsing anti-diabetes agents and Ginsenosides is considered as the
main active ingredients of ginseng [63]. Disorder of lipid metabolism
and inflammation are the pathogenic factors of cardiovascular diseases
which is the leading cause of death worldwide.

TCM could be combined with other mediciation to reduce the
cardiovascular complications [64]. Salvia miltiorrhiza Bunge, also
known as Danshen, a well-known TCMs, which is used for treating
cardiovascular [6,7] and cerebrovascular diseases [8,9] .Tan IIA is the
major compound extracted from Danshen, Tan IIA has been observed
to possess antioxidation [10], anti-inflammatory [11] functions which
may depend on inhibition of iNOS gene expression, NO production
and cytokine (IL-1f, IL-6, and TNF-a) expression via ER-dependent
pathway [65]. Moreover, TCM is capable of reducing blood pressure
it has been reported that tall gastrodia and Uncaria tomentosa could
dramatically improve superoxide dismutase levels and decrease the
oxidative stress in hypertensive patient [66].

Since sPLA?2 is generally recognized as a key tumor-related protein
, suggsting it has the prospect of being a therapeutic target on cancers.
Moreover, sSPLA2 is also involved in the inflammatory process, which
is detected to have high level in patients with inflammatory diseases
[67]. Hence it will be of great value to develop the inhibitors of sPLA2
as therapeutic alternatives. Therefore, there are increasing inhibitors
of SPLA2 being discovered to have effects on sPLA2 through diverse
mechanisms. Table 2 shows the present novel sPLA2 inhibitors
development progress. Dabrafenib, a FDA-approved drug, has been
reported to inhibit the expression of sPLA2-IIa, suggesting that
dabrafenib has the potential to used as an anti-inflammatory drug.
AZD2716 acts as a potential therapeutic durg for coronary artery
disease, due to the excellent preclinical pharmacokinetic properties,
in vivo efficacy and minimized risk for drug-drug interactions.
A-002 (varespladib methyl/LY333013/S-3013), an oral prodrug of
A-001 (varespladib sodium/LY315920/S-5920), could affect the lipid
metabolism and increase plasma paraoxonase activity, HDL levels and
HDL protective capacity. Indoxam could block the production of the
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Table 2. The inhibitors of SPLA2

sPLA2 inhibitor Target

Function and Application

Reference

AZD2716 has excellent preclinical pharmacokinetic properties, in vivo efficacy and

(R)-7 (AZD2716) sPLA2-Ila and sPLA2-X

minimized risk for drug-drug interactions and could acts as a clinical candidate for [93]

the treatment of coronary artery disease.

A-002 (varespladib methyl/

Varespladib affects the lipid metabolism and elevates HDL levels and HDL

LY333013/8-3013) SPLA2 protective capacity, which could also synergize with statins to decrease lesion size. [94]
Indoxam could block the production of proinfammatory cytokines and signaling
molecules through PLA2- ITA-independent mechanisms, with the potential to be

Indoxam SPLAZ-ITA applied in therapeutic intervention of the cytokine-related systemic infammatory (931
response syndrome.

RO061606 could reduce allergen-induced airway inflammation and

RO061606 sPLA2 IIA hyperresponsiveness in asthma mouse model, which may become a novel anti- [96]
asthma drugs.

PX-18 (2-N,N-Bis(oleoyloxyethyl) SPLA2 PX-18 has neuroprotection effect on I/R- induced neuronal damage. [97]

amino-1-ethanesulfonic acid)

7,7-dimethyleicosadienoic acid DEDA could ameliorate secondary injury by reducing exacerbations from

SPLA2 IIA e e [98]

(DEDA) lipoxidative stress.

Dabrafenib (DAB) . . . . . —

(FDA approved) sPLA2 IIA Dabrafenib may be used to treat vascular inflammatory diseases. [99]

Indole-2-carboxamides SPLA2-X SPL{\Z—X may hecome a potential therapeutic target for the treatment of [100]
cardiovascular diseases.

Standard aqueous stem bark extract Standard aqueous stem bark extract of Mangifera indica L could inhibit

. A sPLA, : L [101]
of Mangifera indica L. 2 inflammatory activities.

SaPLly sPLA2 B, IIA, V and X SaPLlIy has effective anti-inflammatory effects in vivo. [102]

. Varespladib has the potential to become an economical and effective path forward

Varespladib SPLA2 to fill the pre-referral gap in the setting of snakebite. 4]

Rhamnetin sPLA2 Rhamnetin can be deloveped into a new anti-inflammatory drug. [103]

proinfammatory cytokines and reduce PLA,-induced LPC production
in native and glycoxidized LDL as well as LDL-associated MCP-1
mRNA expression in HUVECs, with the possible to study for agents
against atherosclerotic diseases. Unfortunately, most of them have
failed to pass the clincal assay due to the adverse reactions.

Novel technologies advance

After identifying the functional isoform of sPLA2 in lung cancer,
the following question is to investigate whether dysregulationof this
enzyme accelerate the tumor cell growth or to enhance cell invasion.
According to the sPLA2 pathway, the obvious alteration will be
observed in the abnormal phospholipid metabolism biomarker.
Except for metabolomics assay, there is a novel technique which can
be applied. However, so far, a few papers were published in cancer
study. Time-of-flight secondary ion mass spectrometry (ToF- SIMS) is
the one for materials characterization and is used for biological sample
analysis [68,69], usually testing ion level. For example, ToF- SIMS was
applied to detect the metabolic changes in pancreatic § cell tumors and
the surrounding tissues [70].

The advantages of ToF-SIMS can be covered in following parts.
Firstly, it enables the chemical specificity in addition to high spatial
resolution imaging of biological samples from cells to tissue [69].
Secondarly, SIMS experiment doesn’t need initial separation step,
which is different from other instrument shuch as GC-MS, LC-MS and
NMR. Thirdly, SIMS analysis dose not need derivatization step , hence
the nature of the secondary ions is decided by the sample type and the
interaction of the primary ion beam with that sample [71]. The last but
not least, due to the capability to generate chemical images of the sample
parallelly, the results could present with a more intuitive description.
To sum up, TOF - SIMS is essential in sSPLA2 analysis. Owing to the
ability to localize the abnormally secreting site of the products by sPLA2
in tumor frozen sections and the assistance of principal component
analysis (PCA), TOF - SIMS will help us visually learn the distribution
of the products, including LPC and LPE, by sPLA2 both in tumor and
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in organs, such as liver. Therefore, applying TOF - SIMS to identify the
abnormal phospholipid metabolism biomarker in plasma from lung
cancer patients and healthy people with phospholipid metabolomics
technology is considerable. Metabolomics is an effective approach to
investigate the development of the cancer. It has been demonstrated
that metabolites have changed in clincal samples from cancer patients
when comparing to the controls. Increasing metabolic biomarkers
associated with tumor indicating that the cancer risk have been already
identified with the help of TOF - SIMS or other chromatography and
mass spectrometers. Here are several examples:

(1) LysoPC a C18: 0 and PC ae C30:0 could act as cancer biomarkers [72].

(2) 15 differentially expressed metabolites have been found to have
the potential for early diagnosis for colorectal cancer [73].

(3) Sarcosine is considered as a potentially important metabolic
intermediary of cancer progress through profiling the metabolites from
clinical samples of prostate cancer patients [74].

(4) 57 metabolites are idtienfied by electrophoresis time-of-flight
mass spectrometry (CE-TOF-MS) on saliva samples from different
cancer patients, acting as promising biomarkers on several cancers
[75]. Hence, analysis of the serum samples could identify the metabolic
features that associated with progress of tumors, since the expression of
biomarkers will alter along with the tumor progression. Thus, we should
pay attention to the upstream or downstream targets of biomarkers for
the further study (sPLA2 subtype). This assay can be used as validation
to confirm the results above.

Conclusion and perspectives

To sum up, SPLA2s may exert either a pro- or anti-tumorigenic
role in different cancers through regulating the related enzymatic
activity and downstream signaling molecules to influence the tumor
cell proliferaton and metastasis. For example, HGIIA sPLA?2 is the most
studied sSPLA2 subtype and has been confirmed to contribute to the
tumor progression in many types of cancers such as prostate and lung
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cancer [9,11], but it has cancer inhibition effect on gastric cancer [76],
suggesting it could have value to be taken as a target for the treatment
for gastric cancer. Small interfering RNAs (siRNAs) with the function
of specific gene silencing have the potential to become therapeutic
tools. It has been reported that the systemically administered small
interfering RNA nanoparticles have the ability to reduce protein and
mRNA levels in cancer patients [77]. In additon, sPLA2s have the
function to modulate the release of biologically active fatty acids and
influence lipid metabolism, acting as integrated regulators of immune
and metabolic responses.

But there are still a lot of works and problems to deal with. Firstly,
we could apply more novel technologies such as ToF- SIMS to explore
metabolism biomarkers associated with tumor development in other
types of cancers. Secondly, after the confirmation of this subtype sPLA2
proliferating function in lung cancer, flexible molecular docking and
pharmacophore model could be applied to high-throughput screen
on the TCM compound library to discover the most effective active
ingredients. Thirdly, overexpression of sSPLA2 subtypes leads to many
pathological diseases such as inflammatory disorder and tumors.
Although there appear more and more novel sPLA2 inhibitors which
have been demonstrated to have therapeutic effect in in vivo and in
vitro assays, few of them have passed the clinical trials. The last but
not the least, the integrated functions and mechanisms of sPLA2s in
cancers is still not clearly elucidated , which need further research.
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