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The aim of this study was to elucidate the involvement of cPLA2-AA-COX-2 pathway factors and their poten-
tial role in lung cancer early diagnosis and prognosis.

We selected 80 lung cancer patients as the cancer group, and 30 normal patients were selected as the normal
group. Serum contents of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 were measured, and mRNA levels of
COX-2, cPLA2, COX-1, and mPGES in serum were determined. Spearman’s P-test was used to analyze the cor-
relation between expression of PGI2 and mPGES in serum and the clinical characteristics of these lung cancer
patients. The factors affecting the prognosis lung cancer were analyzed by COX regression model.

The serum contents of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 in the cancer patient group were signifi-
cantly higher (p<0.05) than in the normal group; after treatment, the serum contents of these factors were sig-
nificantly decreased (p<0.05). However, distant metastasis had a significant effect on serum contents of mPGES
and PGI2 (p<0.05), but not on the other factors. The mRNA levels of COX-2, cPLA2, COX-1, and mPGES in can-
cer patients were significantly higher than in normal patients. In addition, the 5-year survival rate of patients
with high expression of mPGES and/or PGI2 was lower than that of the low expression group. Cox regression
analysis showed that the expression of mPGES and PGI2 had statistical significance in predicting the progno-
sis of lung cancer.

The cPLA2-AA-COX-2 pathway is closely associated with lung cancer. These findings are important for clinical
diagnosis of lung cancer.

Carcinoma, Non-Small-Cell Lung ¢ Cyclooxygenase 2 ¢ Diagnosis ¢ Group IV Phospholipases A2
Prognosis
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Background

Lung cancer is a well-known leading cause of cancer-related
death among both men and women around the world [1].
Lung cancer can be broadly divided into 2 major types: small
cell lung cancer (SCLC, ~15%) and non-small cell lung cancer
(NSCLC, ~85%). Among NSCLC cases, there are 2 main histo-
logical subtypes — adenocarcinoma and squamous cell carci-
noma — in which there exist specific DNA mutations that al-
low further stratification [2]. The survival rate of lung cancer
patients is very low, although in recent years there have been
some significant developments in the clinical treatment of late-
stage lung cancer. Most patients (~75%) have late-stage dis-
ease (stages Ill or 1V) at the time of diagnosis, which leads to
low survival rate [3]. According to a 2014 report from the UK
Office for National Statistics, patients who were diagnosed with
stage IV cancers only had 1-year survival rates of 15-19%, com-
pared to 1-year survival rates of 81-85% for those who had
stage | cancers [4]. Therefore, early detection of lung cancer is
a key factor to improve patient survival rate [5]. One solution
is to identify biomarkers that can be used for early diagnosis.

In recent years there have been reports that some key factors
in the cPLA2-AA-COX-2 pathway are involved in lung cancers.
The cPLA2-AA-COX-2 pathway is an important signaling path-
way in inflammation, and increased risk of cancer development
has been reported to be associated with the presence of in-
flammation [6,7]. The cPLA2-AA-COX-2 pathway has the fol-
lowing 3 steps: (1) arachidonic acid (AA) is first released from
membrane glycerophospholipids by PLA2, (2) AA is converted
to the intermediate PGH2 by COX-1 or COX-2, and (3) PGH2 is
isomerized to prostaglandins such as PGE2 by prostaglandin E
synthase (PGES) [8,9]. It has been reported that phospholipase
A2 (PLA2) is associated with certain types of cancer, including
colorectal, gastrointestinal, and prostate carcinomas [10-13].
Other studies showed that overexpression of cyclooxygen-
ase-2 (COX-2) is a tumor initiating and promoting event for
some solid tumors, including lung cancers [14-16]. A num-
ber of clinical studies have used COX-2 inhibitors in lung can-
cer drug development [17-19]. These previous studies indi-
cate that the close connection between the cPLA2-AA-COX-2
pathway and lung cancer may be beneficial in lung cancer di-
agnosis and treatment.

As mentioned above, early detection of lung cancer is key to
improving patient survival. It was reported that surgical re-
section can offer good prognosis in patients with stage | tu-
mors, leading to 5-year survival rates of 70-90% [20]. However,
early diagnosis of lung cancer remains a challenging problem.
To help advance the identification of biomarkers for early de-
tection of lung center, in the present study we evaluated the
expressions of key factors in the cPLA2-AA-COX-2 pathway,
including COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2, and
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assessed their correlation with lung cancer patient character-
istics and distant metastasis. These findings may help to es-
tablish a sound basis to further evaluate them more quanti-
tively as potential biomarkers for early detection and prognosis
of lung cancer.

Material and Methods

Patient selection and serum sample preparation

We divided subjects into 2 groups: one group consisted of pa-
tients with lung cancer (n=80) and the other group (control)
consisted of healthy people who came to the hospital for a reg-
ular physical examination (n=30). Eighty lung cancer patients
being treated in the Affiliated Yantai Yuhuangding Hospital
of Qingdao University from 1 Jan 2011 to 31 Dec 2012 were
selected as the lung cancer group. Among these 80 patients,
49 were male and 31 were female, and the age range was 36-78
years. In terms of lung cancer types, 34 out of the 80 patients
had adenocarcinoma, 15 had squamous cell carcinoma, 20 had
small cell lung cancer, and 11 had other types of lung cancer.
In terms of disease stage, 52 patients had no distant metasta-
sis, and the other 28 had distant metastasis to other organs,
including the liver, bones, and brain. All these 80 patients have
complete clinical examination and treatment records. Based on
each patient’s examination and tumor diagnosis results, doc-
tors chose specific treatment methods, including radiotherapy,
chemotherapy, immunotherapy, or other treatment methods.
The control group consisted of 30 randomly selected healthy
people (19 males, 11 females, age range 30-80 years).

To prepare the serum samples to be used in experimental anal-
ysis, 10-ml vein blood samples were collected from all sub-
jects in both groups after fasting. For the lung cancer patients,
blood samples were collected again after 12 months of anti-
cancer treatment. The blood samples were centrifuged at low
temperature, and the supernatant (serum) was harvested and
kept at —20°C before being used in the experimental analysis.

The proposed experimental plan and procedures were reviewed
and approved by the Ethics Committee of the hospital. All 80
lung cancer patients and 30 healthy subjects provided signed
consent to participate. The patients were followed up by tele-
phone or outpatient follow-up for 3~5 years. The follow-up
started on the second day after treatment. The deadline was
the end of follow-up or the day of death or loss of patients
to follow-up. The survival time was calculated as the second
day after treatment.
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Serum content of cPLA2-AA-COX-2 pathway factors
measured by ELISA

To evaluate the expression levels of the cPLA2-AA-COX-2 path-
way factors, serum contents of COX-2, cPLA2, COX-1, mPGES,
PGE2, and PGI2 were determined by ELISA assay. All the ELISA
assay kits used in this study were purchased from Winter Song
Boye Biotechnology Company (Beijing, China), which included
the kits for COX-2 (YX-031526H), cPLA2 (YX-191615H), COX-1
(DG-031525H), mPGES (YX-131607H), PGE2 (DG-160707H),
and PGI2 (YX-160711H). All the experimental procedures in
the ELISA assays were performed strictly following the manu-
facturer’s instructions.

mRNA levels of cPLA2-AA-COX-2 factors determined by
qRT-PCR

To measure the mRNAs levels of these cPLA2-AA-COX-2 path-
way factors, the total RNA in the serum samples was extracted
using RNAprep Pure Kit (Cat. No. DP433, TIANGEN, Beijing,
China) following the manufacturer’s protocol. The concen-
tration of total RNA was quantified by the optical density at
260 nm. Then, 1000 ng of the total RNA was applied as a tem-
plate for reverse transcription reaction using a reverse tran-
scription kit (Applied Biosystems, Waltham, MA, USA), follow-
ing the manufacturer’s instructions. B-actin was selected as
internal reference. The sequences of primers used in qRT-PCR
are listed in Table 1, and the gRT-PCR was performed using
Mastercycler® nexus X2 (Eppendorf, Hamburg, Germany), with
the following cycling parameters: 95°C for 15 min, then 30 cy-
cles of 95°C for 15 s, 60°C for 30 s, and 55°C for 60 s, and fi-
nally a single cycle at 55°C for 10 min. For B-actin, the cycling
parameters were 94°C for 5 min, then 30 cycles of 94°C for
40 s, 55°C for 40 s, and 72°C for 40 s, and a final single cycle
at 72°C for 10 min. We added 2 pL loading buffer to 10 pL of
each gRT-PCR product, and applied 1.5% agarose gel contain-
ing 0.05 pg/mL ethidium bromide at 70 V for 50 min. The rel-
ative level of mRNA was calculated with the 224t method [21]
using B-actin mRNA as an internal reference.

Statistical data analysis

Statistical analyses were carried out using SPSS, version 19.0
(IBM Corp., Armonk, NY). All data are presented in the form
of mean + standard deviation (SD). For comparison between
2 groups, statistical analysis was performed with the 2-tailed
t test. For comparison between more than 2 groups, one-way
analysis of variance (ANOVA) was applied. If ANOVA showed
a significant difference, post hoc least significant difference
(LSD) testing was used for paired comparison. For correlation
analysis, the Spearman correlation coefficient method was
used. Cox regression analysis was used to assess prognos-
tic factors of lung cancer patients. Kaplan-Meier method was
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Table 1. Sequences of primers used in gRT-PCR.

Primer sequence

F: 5’-CTGGCGCTCAGCCATACAGC-3’

COX-2

R: 5-GGCCCTCGCTTATGATCTGTC-3’
F: 5’-CAGTGGGCTCACATTTAACCT-3’

CPLA2
R: 5’-CTTCCCGATCAAACAGG-3’
F: 5’-CCGGATGCCAGTCAGGATGATG-3’

COX-1
R: 5’-CTAGACAGCCAGATGCTGACTG-3’
F: 5'-TGGAGACCATCTACCCCTT-3’

MPGES
R: 5’-ACCTTGAAGGAGTCAGGCATGAG-3’
F: 5'-GTGGACATCCGCAAAGAC-3’

B-actin

R: 5-AAAGGGTGTAACGCAACTA-3’

used to analyze survival curves. In all statistical analyses, sta-
tistical significance was assumed at p<0.05, and very signifi-
cant difference was assumed at p<0.01.

Results

Expression of cPLA2-AA-COX-2 pathway factors

The serum contents of the cPLA2-AA-COX-2 pathway factors,
COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2, from the nor-
mal (control) group and lung cancer patient group were mea-
sured and compared. The measurements for the lung cancer
patient group were done both before (pre-treatment) and after
the treatment (post-treatment). As shown in Figure 1, a statis-
tically significant difference was found between the lung can-
cer patient group and the control group (p<0.05) for both pre-
treatment and post-treatment results. Figure 1 shows that the
expression of these factors was significantly decreased after
the treatment compared to the pre-treatment results (p<0.05).

Expression of cPLA2-AA-COX-2 pathway factors in
different lung cancer types

Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2
in serum of lung cancer patients in different lung cancer type
groups was compared between pre-treatment and post-treat-
ment measurements, which are summarized in Figure 2. In all
4 lung cancer type groups (adenocarcinoma, squamous cell car-
cinoma, small cell lung cancer, and other types), the expres-
sions of all these factors was greatly reduced, and the differ-
ences were all statistically significant (p<0.05). However, in the
pre-treatment or post-treatment measurements, no significant
difference was found between the different lung cancer types.
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Figure 1. Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 in serum of the normal patient group and in lung cancer patients
before and after treatment. The data are presented by mean +SD (standard deviation). * Indicates a statistically significant
difference was found between the lung cancer patient group and the normal patient group (p<0.05). # Indicates a statistically
significant difference was found in the comparison between before treatment and after treatment (p<0.05).
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Figure 2. Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 before and after treatment in serum of lung cancer patients
in different lung cancer type groups. The data are presented by mean +SD (standard deviation). * Indicates a statistically
significant difference was found between the before and after treatment comparison (p<0.05).

Expression of cPLA2-AA-COX-2 pathway factors in
different lung cancer types

The influence of distant metastasis on expression of these
cPLA2-AA-COX-2 pathway factors was also evaluated. As seen in
Figure 3, before treatment there was no significant difference in
their expression. After treatment, the expressions of these fac-
tors were all decreased significantly different compared to the
pre-treatment measurements. In the post-treatment measure-
ments, there was no significant difference observed for COX-2,
cPLA2, COX-1, and PGE2 between patients with metastasis and
patients without metastasis; however, for mPGES and PGI2,

the expression in patients without distant metastasis was sig-
nificantly higher than that in patients with distant metastasis.

Expression of cPLA2-AA-COX-2 pathway factors in males
vs. females

The correlation of the expression of the cPLA2-AA-COX-2 path-
way factors with sex was also studied (Figure 4). After treat-
ment, their expression in both sexes was greatly reduced, which
was significant for all 6 factors. However, when we compared
the differences in males vs. females, no significant difference
was observed, either before treatment or after treatment.
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Figure 3. Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 before and after treatment in serum of lung cancer patients with
or without distant metastasis. The data are presented by mean +SD (standard deviation). * Indicates a statistically significant
difference was found between the before and after treatment comparison (p<0.05). # Indicates a significant different
compared to the lung cancer patient group with distant metastasis (p<0.05).
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Figure 4. Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 before and after treatment in serum of male and female lung
cancer patients. The data are presented by mean +SD (standard deviation). * Indicates a statistically significant difference
was found between the before and after treatment comparison (p<0.05).
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Figure 5. Expression of COX-2, cPLA2, COX-1, mPGES, PGE2, and PGI2 before and after treatment in serum of lung cancer patients
in different age groups. The data are presented by mean +SD (standard deviation). * Indicates a statistically significant
difference is found between the before and after treatment comparison (p<0.05).

Table 2. Serum levels of mPGES and PGI2 in different patient groups.

Character mPGES (ng/ml) PGI2 (pg/ml) p Value

Male 215.21+15.36 121.31+7.47

SEX >0.05
Female 206.79+15.88 116.82+7.18
30-45 211.58+8.99 124.69+7.20

Age group 46-65 195.93+4.32 109.09+4.55 >0.05
66—-85 185.64+10.73 107.98+7.82
Adenocarcinoma 204.56+17.58 115.31+8.42
Squamous cell carcinoma 205.28+14.96 120.36+10.02

LUNG CANCEN tyPE >0.05
Small cell lung cancer 208.41+15.17 116.31+8.64
Other 209.32+17.35 117.22+7.85
Yes 214.78+13.10 121.21+6.65

Distant metastasis <0.05
No 191.08+8.62 108.51+5.67

Expression of cPLA2-AA-COX-2 pathway factors in
different age groups

The correlation of the expression of the cPLA2-AA-COX-2 path-
way factors with patient ages was also studied (Figure 5).
The patients were divided into 3 groups according to age:
30-45, 46-65, and 66—85. After treatment, their expression in
patients in all age groups was greatly reduced and was signifi-
cant for all 6 factors. However, when comparing the difference

in each age group, no significant difference was observed,
either before treatment or after treatment.

Correlation of expression of cPLA2-AA-COX-2 pathway
factors and patient characteristics

The above results showed that the expression of all 6 factors
of cPLA2-AA-COX-2 pathway was not correlated with patient
age, sex, or lung cancer type. In terms of distant metastasis,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Xin C. et al.:
cPLA2-AA-COX-2 pathway factors in lung cancer
© Med Sci Monit, 2019; 25: 5543-5551

[ Normal

Yx [ Distant metastasis

0.4

0.2 1

The relative level of corresponding mRNA

(0X-2

PLA2 0X-1 mPGES

Figure 6. mRNA levels of COX-2, cPLA2, COX-1, and mPGES in
serum of the normal control group and lung cancer
patient group with or without distant metastasis,
determined by RT-PCR. The data are presented by
mean +SD (standard deviation). ** Indicates a very
significant difference compared to the normal control
group (p<0.01), and #indicates a significant different
compared to the lung cancer patient group with
distant metastasis (p<0.05).
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the expression of COX-2, cPLA2, COX-1, and PGE2 was not cor-
related with distant metastasis, but the expression of mPGES

0.8 = I No distant metastasis and PGI2 was correlated with distant metastasis. These find-
*x% ings were summarized in Table 2.
0.6 *x ¥%
2 ” Serum mRNA levels of COX-2, cPLA2, COX-1, and mPGES

with or without distant metastasis

The gRT-PCR experiment (Figure 6) showed that the mRNA lev-
els of COX-2, cPLA2, COX-1, and mPGES in serum of lung can-
cer patients, either with or without distant metastasis, were
much higher than in the normal control group, and the differ-
ences were very significant (p<0.01). However, when compar-
ing the mRNA levels of COX-2, cPLA2, COX-1, and mPGES in
serum between lung cancer patients with distant metastasis
and those without distant metastasis, there was a significant
difference only in mPGES mRNA (p<0.05), not in the mRNA of
the other 3 factors.
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Figure 7. (A, B) Postoperative survival curve of lung cancer patients with high and low expression of mPGES and PGI2, respectively.

Table 3. The results of COX proportional risk model analysis.

Items B P Exp(B) 95.0% Cl
Sex 0.050 0.883 1.051 0.540-2.046
Age o001 0% 10001 0958-1406
lungcancertype 0103 o515 1109 0812-1514
 Metastasistype 0503 0245 1654  0708-3861
CmPGES 1068 0025 344 0135-0875
eG2 0594 0043 55 0249-1223

B — partial regression coefficient; Exp(B) — eelative risk estimate
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Relationship between serum mPGES, PGI2, and survival
rate in patients with lung cancer

The study subjects were followed up for 20-70 months
(Figure 7). Survival curve analysis showed that the 5-year
survival rate of patients who had high expression of mPGES
was 0% and that of the group with low expression was 28.9%,
with very significant difference between those with high ex-
pression vs. low expression of mPGES (p=0.001). The 5-year
survival rate was 8.0% in the high expression group and 32.7%
in the low expression group, and the difference between the
2 groups was very significant (p=0.004).

Significance of mPGES and PGI2 expression in lung cancer
in predicting prognosis of lung cancer

We used a COX proportional risk model to analyze factors that
might influence the prognosis of lung cancer, including sex,
age, type of lung cancer, metastasis type, and expression lev-
els of mPGES and PGI2. As shown in Table 3, the expression
of mPGES and PGI2 was statistically significant in predicting
the prognosis of lung cancer (p<0.05).

Discussion

Lung cancer diagnosed at an early stage is more likely to re-
spond to effective treatment, and early detection enhances
the probability of higher survival with less morbidity [5]. Also,
early detection of lung cancer can significantly improve patient
quality of life. However, early detection of lung cancer still re-
mains a significant clinical challenge [5]. The results presented
here show that the expression of COX-2, cPLA2, COX-1, mPGES,
PGE2, and PGI2 are all significantly increased in lung cancer
patients, independent of demographic characteristics and lung
center histological types. The present findings show the possi-
bility of using these key factors in the cPLA2-AA-COX-2 path-
way as biomarkers in early detection of lung cancer.

We also demonstrated that the serum contents of mPGES and
PGI2 and mRNA level of mPGES are highly correlated with dis-
tant metastasis of lung cancer. This is of biomedical importance
because it shows that their mRNA level can be used as poten-
tial biomarkers in predicting distant metastasis in clinical lung
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cancer treatment. Furthermore, after anti-cancer treatment,
the expression levels of all 6 factors — COX-2, cPLA2, COX-1,
mPGES, PGE2, and PGI2 - are all significantly decreased com-
pared to their expression levels before lung cancer treatment,
indicating a high correlation between their expression levels
and lung cancer treatment status. These findings may help im-
prove lung cancer prognosis.

An advantage of using plasma biomarkers is that they can be
assessed by less costly and non-invasive methods, and thus
have high potential to be used in the early diagnosis of vari-
ous diseases [22]. The research presented here is just the ini-
tial step in evaluating the potential use of these key factors in
the cPLA2-AA-COX-2 pathway as biomarkers for early detection
in lung cancer clinical diagnosis, and also have potential impli-
cations for improving prognosis in lung cancer treatment. We
plan to perform more detailed and systematic research on this
topic to more quantitatively determine the correlation of ex-
pression of these key factors and lung cancer stages, as well as
lung cancer post-treatment status. Towards this end, the pres-
ent study has laid a very sound basis for further research.

Our study demonstrates that the expression of COX-1, COX-2,
cPLA2, mPGES, PGE2, and PGI2 is greatly enhanced in lung can-
cer patients, which indicates the cPLA2-AA-COX-2 pathway is
closely associated with lung cancer. We also found that the
mRNA level of mPGES and PGI2 is highly correlated with dis-
tant metastasis of lung cancer; therefore, their mRNA levels
can be used to predict distant metastasis.

Conclusions

We found a significant decrease in expression of COX-2, PLA2,
COX-1, mPGES, PGE2, and PGI2 after treatment, which sug-
gests that the cPLA2-AA-COX-2 pathway can serve as a new
method to evaluate prognosis in lung cancer. These findings
are important for clinical diagnosis of lung cancer, especially
in the early stages, and provide a sound basis for designing
new drugs for lung cancer therapy.
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