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Summary

Purpose: Group III phospholipase A2 (PLA2G3) is a main 
member of proteins that are involved in functions such as 
fatty acid metabolism and oxidative stress response. At the 
biochemical level catalyzes the calcium-dependent hydrolysis 
of the 2-acyl groups in 3-sn-phosphoglycerides. Our aim was 
to investigate the expression of Prdx-6 in colon adenocarci-
noma (CA). 

Methods: A series of 30 formalin-fixed, paraffin-embedded 
primary CAs tissue sections were used and analyzed. Im-
munohistochemistry was performed using an anti-PLA2G3 
antibody. Digital image analysis was also implemented for 
evaluating objectively the protein expression levels on the 
corresponding stained cells. 

Results: PLA2G3 protein overexpression (increased im-
munostaining levels) was observed in 23/30 (76.6%) cases, 
whereas 07/30 (23.40%) CA tissues demonstrated low protein 
levels, respectively. PLA2G3 overall expression was strongly 

associated with the grade and tumor localization of the ex-
amined tumors (p=0.001, p=0.027, respectively), whereas 
other statistical significances were not assessed (inflamma-
tory infiltration: p=0.846; stage: p=0.755; tumor diameter: 
p=0.300; ulceration: p=0.872; gender: p=0.902). 

Conclusions: PLA2G3 overexpression is observed in a sig-
nificant subset of CAs associated with aggressive biologi-
cal behavior (neoplasm dedifferentiation) and also a kind 
of selectivity in localization of the malignant substrate. 
PLA2G3 seems to be an important enzyme for endogenous 
cell response to increased oxidative stress and fatty acid 
metabolic imbalances in CAs. For these reasons, it should be 
considered as a potential biomarker and therapeutic target 
in these malignancies.
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Introduction

Colon adenocarcinoma (CA) demonstrates a 
well analyzed model of genomic instability in 
solid malignancies [1]. Extensive molecular analy-
ses have shown that two main mechanisms of ge-
netic deregulation are involved in the malignant 
transformation of normal colon glandular epithe-

lia: chromosomal and specific gene imbalances, 
respectively [2]. Gross chromosomal instability, as 
the result of chromosomal polysomy/aneuploidy, 
is detected in the majority (~85%) of CA, whereas 
the rest demonstrate chromosomal stability (dip-
loid predominantly patterns) [3]. Additionally, a 
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subset of patients with CA is characterized by a 
complex genetic signature and molecular heter-
ogeneity due to a combination of these mecha-
nisms [4,5]. 

Focused on biochemical and metabolic de-
regulations that occur in the intra-cellular micro-
environment during the carcinogenetic process, 
elevated oxidative stress is a crucial event [6]. 
Interestingly, the role of aberrant H2O2 inta-cellu-
lar concentration is critical, leading to enhanced 
oxidative stress, motivating also redox signaling 
pathways [7,8]. Furthermore, abnormal fatty acid 
and lysophospholipids metabolism due to spe-
cific genes’ alterations is related with increased 
risk for epithelial neoplastic transformation, as 
experimental studies showed regarding primary 
melanoma [9]. Concerning molecules that regulate 
these metabolic procedures, secretory phospholi-
pases are most important. These enzymes regu-
late biochemical and metabolic pathways in the 
intra-cellular micro-environment by catalytically 
hydrolyzing fatty acids in order arachidonic and 
lysophosphatidic acids to be released. This activ-
ity is normally detected in a variety of cells and 
functions of epididymal sperm maturation and fer-

tility [10]. Among them, secretory phospholipase 
A2 (sPLA2) gene (PLA2G10 gene band: 16p13.12) 
encodes for the corresponding protein implicated 
in biochemical reactions including insulin me-
tabolism, atherosclerosis and response to inflam-
mation. Focused on its last role, sPLA2 acts as a 
regulator of proximal and also distal reactions in 
the inflammatory pathways [11]. Besides sPLA2, 
Group III phospholipase A2 (PLA2G3) -encoded 
by the corresponding gene (22q12.2) - is under 
investigation in carcinomas, including CA rise and 
progression [12]. In the current study we explored 
the role of PLA2G3 protein expression patterns in 
a series of CAs. 

Methods 

Study group

For the purposes of our study, 30 archival, for¬malin-
fixed and paraffin-embedded tissue specimens of histo-
logically confirmed primary CAs were used. The hospital 
ethics committee consented to the use of these tissues 
in the Department of Pathology, Halkida General Hos-
pital, Greece, for research purposes, according to World 
Medical Association Declaration of Helsinki guidelines. 

Clinicopathological parameters PLA2G3 p value

CAs (n=30) n (%) OE LE

23/30 07/30 

(76.6%) (23.4%)

Gender 0.902
Male 15/30 (50) 12/30 (40) 3/30 (9.9)
Female 15/30 (50) 11/30 (36.6) 4/30 (13.3)

Grade 0.001
I 1/30 (3.3) 0/30 (0) 1/30 (3.3)
II 22/30 (73.3) 16/30 (33) 6/30 (19.8)

III 7/30 (23.3) 7/30 (23.3) 0/30 (0)
Stage 0.755

I 3/30 (10) 2/30 (6.6) 1/30 (3.3)
II 13/30 (43.3) 9/30 (30) 4/30 (13.3)
III 10/30 (33.3) 9/30 (30) 1/30 (3.3)
IV 4/30 (13.3) 3/30 (9.9) 1/30 (3.3)

Anatomical location 0.027
Sigmoid-Rectum 21/30 (70) 15/30 (50) 6/30 (19.8)
Ascending-Caecum 9/30 (30) 8/30 (26.4.8) 1/30 (3.3)

Inflammatory infiltration 0.846
Yes 25/30 (83.5) 19/30 (62.7) 6/30 (19.8)
No 5/30 (16.7) 4/30 (13.2) 1/30 (3.3)

Ulceration 0.872
Yes 5/30 (16.5) 4/30 (13.2) 1/30 (3.3)
No 25/30 (83.5) 19/30 (62.7) 6/30 (19.8)

CAs: colon adenocarcinomas, PLA2G3: Group III phospholipase A2, OE: overexpression ( high/moderate expression) staining intensity values 
≤132at stained cells, LE: low expression staining intensity values >142 at ≤161 at stained cells

Table 1. Clinicopathological parameters and total PLA2G3 expression results 
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The tissue samples were fixed in 10% neutral-buffered 
formalin. Hematoxylin and eosin (H&E)-stained slides 
of the cor¬responding samples were reviewed for estab-
lishing the corresponding histopathological diagnoses. 
All lesions were classified according to the histological 
typing and staging criteria of World Health Organiza-
tion (WHO) digestive system tumors classification [13]. 
Clinicopathological data of the examined cases are dem-
onstrated in Table 1.

Antibodies and immunohistochemistry assay (IHC)

We selected and applied the rabbit polynoclonal 
anti-PLA2G3 antibody (ab62197, Abcam, USA; dilution 
2.5μg/ml). IHC protocol for the antigen detection was 
carried out on a 3 μm-thick paraffin sections of the cur-
rent blocks. Tissue sections initially deparaf¬finized in 
xylene and rehydrated via graded ethanol – were im-
munostained according to the EN Vision+ (DAKO, Den-
mark) assay using an automated staining system (I 6000 
- Biogenex, CA, USA) and according to the corresponding 
antibodies manufacturer’s instruc¬tions. This specific 
assay is based on a soluble, dextran-polymer system 
preventing endogenous biotin reaction and increasing 
the quality of the stained slides. Briefly, the sections, 
after peroxidase blocking, were incubated with primary 
antibody for 30 min at room temperature and then incu-
bated with Horseradish peroxidase labeled polymer-HRP 
LP for 30 min. A wash with TBS was performed. The 
antigen-antibody reaction was visualized using 3-3, di-
aminobenzidine tetrahydrocloride (DAB) as a chromogen 
substrate (8 min at room temperature). Finally, the tissue 
sections were slightly counterstained with hematoxylin 
for 30 sec, dehydrated and mounted. For negative control 
slides, the primary antibodies were omitted. Focal or 
diffuse cytoplasmic/membranous staining pattern was 
considered to be acceptable for the marker. Normal colon 
epithelia tissue sections demonstrating PLA2G3 expres-
sion were used as positive markers for its immunostain-
ing pattern, according to antibody manufacturer’s in-
structions (Figure 1a).

Digital image analysis assay (DIA)

PLA2G3 protein expression levels were evaluated 
quantitatively by measuring the corresponding staining 
intensity levels (densitometry analysis) in the stained 
malignant cells. We performed DIA using a semi-auto-
mated system (hardware: Microscope CX-31, Olympus, 
Melville, NY, USA, Digital camera, Sony, Tokyo, Jp; Win-
dows XP/NIS-Elements Software AR v3.0, Nikon Corp, 
Tokyo, Japan). Areas of interest per tissue section were 
identified (5 optical fields at ×400 magnification) and 
filed in a digital database as snapshots. Measurements 
were performed by implementing a specific macro (cy-
toplasmic and membrane expression for tumor cells, ac-
cording to manufacturer’s datasheet). Based on an algo-
rithm, normal tissue sections (control) were measured 
independently and compared to the corresponding values 
in malignant tissue sections. A broad spectrum of con-
tinuous grey scale values (0-255) at the RedGreenBlue 
(RGB) analysis was available for discriminating different 
protein expression levels (Figure 1b). Immunostaining 
intensity values decreasing to 0 represent a progressive 
overexpression of the marker, whereas values increasing 
to 255 show a progressive loss of its staining intensity. 
Total results and DIA values are demonstrated in Table 1.

Statistics

For statistical analyses, descriptive and inferential 
techniques were applied. Quantitative variables were 
presented as mean ± standard deviation, while the quali-
tative variables were presented in frequency tables. To 
evaluate the relationship between qualitative and quan-
titative variables, due to the small number of subjects 
in each group, the non-parametric Mann-Whitney U test 
and Kruskall-Wallis test were applied. To evaluate the 
relationship between independent qualitative variables, 
where appropriate, the control x2 for linear trend and the 
control of Fisher were applied. Statistical significance 
(p) was evaluated in pairs and differences < 0.05 were 
considered statistically significant. Total IHC results and 
differences (p values) are described in Table 1.

Figure 1. Group III phospholipase A2 (PLA2G3) protein expression in a colon adenocarcinoma tissue section. a: High 
expression staining intensity level (diffuse cytoplasmic/membranous staining pattern; anti- PLA2G3 antibody, DAB stain, 
original magnification: 400×). b: PLA2G3 protein digital image expression analysis in colon adenocarcinoma. Progres-
sive measurements in three stages: red/green areas represent different levels of protein expression as staining intensity 
values (diffuse cytoplasmic staining pattern; anti- PLA2G3, DAB stain, original magnification: 400×). 
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Results

According to digital expression analysis, the 
examined immunostained CA tissue sections dem-
onstrated different expression levels of PLA2G3 
marker. PLA2G3 protein overexpression (increased 
immunostaining levels: moderate and high) was 
detected in 23/30 (76.6%) cases, whereas 07/30 
(23.40%) CA tissues demonstrated low protein lev-
els. PLA2G3 overall expression was strongly asso-
ciated with the grade and tumor localization of the 
examined tumors (p=0.001, p=0.027, respectively). 
Interestingly, a progressive overexpression was 
observed from stage I/II to stage III cases. Con-
cerning the influence of PLA2G3 expression in the 
other clinico-pathological parameters, statistical 
significances were not assessed (inflammatory in-
filtration: p=0.846; stage: p=0.755; tumor diameter: 
p=0.300; ulceration: p=0.872; gender: p=0.902).

Discussion

PLA2G3 is a main member of proteins that are 
involved in functions such as fatty acid metabolism 
and oxidative stress response. At the biochemical 
level it catalyzes the calcium-dependent hydroly-
sis of the 2-acyl groups in 3-sn-phosphoglycer-
ides [14]. Interestingly, an extensive cDNA-based 
cloning and coding analysis for human group III 
sPLA(2) has identified structural and functional 
similarities in mammalian secretions and venom 
released by invertebrates -such as bees and scor-
pions [15]. Furthermore, the study group revealed 
that PLA2G3 is a Ca (2+)-dependent enzyme show-
ing an 11-fold preference for phosphatidylglycerol 
over phosphatidylcholine and optimal activity at 
pH 8. It is also known that PLA2G3 and fibroblast 
prostaglandin synthase promote mast cell matura-
tion and function by activating a mast cell-fibro-
blast - dependent paracrine axis [16]. A lipid-driven 
PLA2G3-L-PGDS-DP1 loop that drives mast cell 
maturation has been also reported as an alterna-
tive mast cell maturation mechanism correlated 
with anaphylaxis phenomenon [17]. For this reason, 
PLA2G3 is involved in various pathophysiological 
events including allergic type reactions [18]. Con-
cerning the PLA2G3 aberrant expression in non-
neoplastic diseases, there are important published 
data that show a strong relation between PLA2G3 
gene silencing and Alzheimer’s disease as a result 
of neuronal damage induced by oxidative stress at 
free radical-generating xanthine/xanthine oxidase 
(X-XOD) system [19]. 

In the current study we explored the role of 
PLA2G3 expression in CA. We observed a signif-
icant impact of the molecule in the grade of the 

examined tumors and selectivity in localization of 
the malignant substrate. PLA2G3 aberrant expres-
sion has been already found to be correlated with 
survival rates and metastatic potential modifying 
also chemo-sensitization in solid malignancies like 
ovarian cancer [20]. Focused on PLA2G3 deregula-
tion in colon neoplastic and non-neoplastic lesions, 
lipidomics-based analyses reported important pro-
inflammatory/pro-tumorigenic lysophosholipids 
production combined with upregulation of colon-
protective fatty acids and oxygenated metabolites 
[21] Aberrant secreted sPLA2-III expression were 
detected in inflammatory (colitis) and also in CAs, 
revealing a progressive mechanism of fatty acid 
metabolism alterations. Another study analyzed a 
series of sporadic CAs by implementing a combina-
tion of quantitative PCR and immunohistochemis-
try. Overexpression of PLA2G3 protein in CA tissues 
was correlated to increased metastatic potential 
(lymph node-positivity) demonstrating differences 
regarding the anatomic localization [22]. Interest-
ingly, genetic variability analyses of fatty acid me-
tabolism-related genes reveal significant results re-
garding specific genetic signatures among patients 
with CAs. A study group identified that hydroxy-
prostaglandin dehydrogenase 15-(NAD) (HPGD), 
phospholipase A2 group VI (PLA2G6) and transient 
receptor potential vanilloid 3 were related with a 
high risk for CA, whereas prostaglandin E receptor 2 
(PTGER2) was associated with lower risk. Similarly, 
HPGD AGGAG and PLA2G3 CT haplotypes are as-
sociated with a high risk for CA [23]. In addition, 
single nucleotide polymorphisms (SNPs) in fatty 
acid metabolism genes such as SNP rs12299484 are 
correlated to high risk for colon carcinogenesis [24]. 

In conclusion, PLA2G3 overexpression is ob-
served in a significant subset of CAs associated 
with aggressive biological behavior (neoplasm 
dedifferentiation) and also a kind of selectivity in 
localization of the malignant substrate. PLA2G3 
seems to be an important enzyme for endogenous 
cell response to increased oxidative stress and fatty 
acid metabolic imbalances in CAs. For these rea-
sons, it should be considered a potential biomarker 
and therapeutic target in these malignancies. Fur-
ther protein and molecular studies based on the 
molecule’s deregulation mechanisms in cancer-
ous and non-cancerous colon epithelia could re-
veal unexplored intra-cellular pathways regarding 
cell responses to oxidative damages in a variety of 
carcinomas combined with other critical enzymes, 
such as Peroxiredoxin 6 (PRDX6) [25]. 
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