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Abstract
Background: Colorectal cancer (CRC) is the third most common cancer prevalent in men, and the second
in women worldwide. The exact cause and pathogenesis of this disease remains unknown. In every cell
multiple phospholipase A2 (PLA2) exists, but their contribution to the cell function has yet not been
determined. The increased activity of these isoforms may be important in the generation of in�ammatory
mediators which �nally are involved in the initiation of carcinogenesis. This study has explored the
pathways involved in the differential response of HCT-15 and HT-29 colon cell lines during
benzo(α)pyrene [B(α)P]-induced molecular changes.

Methods: HT-29 and HCT-15 cells were used for the present study. Benzo(α)pyrene [B(α)P]-induced
molecular changes were evaluated through cell viability using MTT assay, reactive oxygen species (ROS)
measurement using 2,7 dichloro-dihydro-�uorescin diacetate (DCFH-DA), The gene expressions of PLA2
isoforms were estimated by RT- PCR. Further, knockdown of PLA2 isoform in transfected cells was done
with siRNA.

Results: The cell viability decreased signi�cantly after exposure with B(α)P in both cell lines. Reactive
oxygen species (ROS) production after exposure with B(α)P was signi�cantly induced in both types of
colon cell lines. The gene expressions of PLA2 isoforms were also estimated. Three PLA2 isoforms such
as IB and, IID, IVA were induced after exposure with B(α)P respectively in HT -29 and HCT-15 cell lines.
Further, a signi�cant knockdown of PLA2 isoform in transfected cells with siRNA, and B(α)P exposure
was observed in HCT-15 and HT-29 cells. There was a signi�cant induction of ROS in IVA transfected HCT-
15 cells exposure with B(α)P.

Conclusion: It is concluded that each cell line behaved differently, speci�c PLA2 siRNA are involved in
controlling the cascades related ROS, depending upon the origin of the cells. Secretary phospholipase A2

(sPLA2) inhibitors are likely to have a therapeutic potential in colon pathologies.

Introduction
Colorectal cancer (CRC) is the third most common cancer in men and the second in women worldwide [1].
The incidence of CRC has been reported to increase 2–4 times in the past few decades in many countries
of the Asia-Paci�c region. Presently the most common treatment option is surgery, and that also depends
on various factors like the site of the cancer and the presence and extent of metastasis. The risk of
colorectal cancer begins with the formation of abnormal polyp growth that later grows to cancer. The
major causes include the over-eating, alcohol consumption and smoking. Studies also suggest that a
proper life-style maintenance including the controlled diet could reduce the abnormal poly formation and
further cancer. Ursolic acid is a phytochemical present in most plants and has the ability to reduce the cell
proliferation of breast and colon cancer cells through various pathways [2]. The Benzo(α)pyrene [B(α)P], a
known carcinogen, presents in diet and environment such as cigarette smoke (CS), grilled meats and
byproducts of industrial incineration [3]. The oxidative stress caused by the constituents of CS such as
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B(α)P in normal as well as in the mutated cells may lead to the remodeling of membrane lipids through
upregulation of various signaling events such as activation of lipid speci�c enzymes especially
phospholipases. Almost in every cell type, multiple isoforms of phospholipase A2 (PLA2) but their
contribution to the cell functions has not yet been clearly determined.

Phospholipase A2 superfamily is composed of many lipolytic enzymes whose common feature is to
hydrolyze the fatty acid present in the sn-2 position of glycerophospholipids. It is reported that PLA2 can
act synergistically with reactive oxygen species (ROS) to cause cellular injury due to enhanced
susceptibility of peroxidized membrane to the action of PLA2. Phospholipases type A2 is involved in the
generation of a wide range of biomediators, including lysophospholipids, arachidonic acid, and
metabolites of arachidonic acid that can enhance tumor cell growth, invasion, and metastasis [4].
However, it is not known whether PLA2 isoforms are expressed in human colon cancer and whether PLA2

isoforms in�uence the malignant potential of colon cancer cells. Besides that, PLA2 isoenzymes may
behave differentially to cigarette smoke condensate (CSC) and B(α)P (a major carcinogen of cigarette
smoke) in vitro.

This study aims to explore the pathways involved in the differential response of HCT-15 and HT-29 colon
cell lines during [B(α)P]-induced molecular changes.

Methods

Cell lines:
Colon adenocarcinoma cancer cell lines (HCT-15 and HT-29) were procured from National Centre for Cell
Science, Pune, India.

[b(α)p] Preparation:
B(α)P were procured from sigma USA and dissolved in DMSO, the working concentration (0.025%) was
prepared in a sterile medium.

Cell Culture:
HCT-15 and HT-29 were maintained in continuous culture at 37 °C and 5% CO2 in RPMI-1640 and DMEM
medium supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 units/ml penicillin,
100 µg/ml streptomycin and 0.5 µg/ml fungizone respectively.

Cell Viability Assay:
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Effect of B(α)P on cell viability was evaluated by the 3-(4, 5- dimethylthiazol-2-yl)-diphenyltetrazolium
bromide (MTT) dye uptake method described previously [5]. Brie�y, 2 × 103 cells were seeded in 96- well
plates, and treated with varying concentrations of B(α)P for 24 hr, 48 hr, and 72 hr. After the desired
incubation time, 20 µl of MTT solution (2.5 mg/ml) was added to each well. After 4 hr, resultant formazan
crystals were dissolved in 40 µl of lysis buffer (20% SDS dissolved in 50% each of DMF and ddH2O). The
developed colour was read at 570 nm on ELISA reader.

Ros And Superoxide Radicals (sor):
Levels of intracellular ROS, mitochondrial ROS and SOR were measured by the shift in �uorescent
intensity resulting from oxidation of DCFH-DA (for ROS), DHR123 (for Mitochondrial ROS) and DHE (for
Superoxide radical) �uorescence dye [6]. Brie�y, 0.5 × 105 cells/well were seeded into 12-well plates and
allowed to grow overnight in complete media. After 24 hr of incubation, the medium was replaced with a
fresh medium and the cells were treated with varying concentrations of B(α)P for a speci�c time interval.
Cells were incubated with 5 µM DCFH-DA, 10 µM DHR123 or 10 µM DHE �uorescence dye for 30 min.
Cells were challenged with B(α)P for 24 hr and 48 hr. Thereafter, cells were washed, harvested and
resuspended in chilled phosphate buffer saline (PBS). Finally, cells were subjected to �uorescence-
activated cell sorting (FACS; Beckton Dickinson FACSCan). Levels of ROS and SOR were represented in
terms of mean �uorescent intensity (MFI).

Rna Extraction And Cdna Synthesis:
Total RNA was isolated by using Trizol reagent according to the manufacturer’s instructions. Brie�y, 1 ml
Trizol reagent was added to the cells followed by chloroform. The mixture was incubated at room
temperature for 15 min and centrifuged at 12000 x g for 15 min at 4ºC resulting in the separation of an
upper aqueous phase and lower organic phase. The upper aqueous phase was carefully transferred to a
fresh eppendorf tube. After adding and shaking with isopropanol mixture was incubated for 10 min and
then centrifuged at 12000 x g for 10 min. The pellet thus obtained was washed with 75% ethanol
followed by centrifugation for 5 min at 7,500 x g. The RNA pellet was air-dried and dissolved in an
appropriate volume of DEPC water and stored at -80ºC. Spectrophotometric measurement of RNA was
done to quantify its purity. Further, one microgram RNA was used for cDNA synthesis. The cDNA
synthesis was carried out from the puri�ed and intact total RNA by using the Revert AidTM �rst strand
cDNA synthesis kit (Fementas) according to the manufacturer’s instructions.

Reverse Transcription-polymerase Chain Reaction (rt-pcr):
Effect of B(α)P on mRNA expression of PLA2 isoforms was conducted through RT-PCR for the analysis of
mRNA levels of PLA2 groups (IB, IID, III, IVA, IVB, IVC, VI, X, acid iPLA2, iPLA2). In RT-PCR reactions (25 µl)
100 ng cDNA was used as template DNA. The primer sequences were designed from the mRNA sequence
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of genes available in the Genebank or from previously published literature. The details of primer
sequences and RT-PCR conditions used for the study are given in Table 1. The expression levels of
different genes were calculated by relative quanti�cation using b-actin transcript levels for normalization.
The fold change in mRNA expressions was calculated by the comparative ΔΔCt method [7].

Table 1
Primer Sequences of various genes

S.No. Name Primer Sequence Product Size (bp)

1 PLA2-IB [s], 5’- CTCAGGCACCCCCGTGGATGA − 3’

[a], 5’- GCGTTGCGGTCGCAGTTGCA − 3’

207

2 PLA2-IID [s], 5’- CACCTGCTGGCCCCCTTGTC-3’

[a], 5’- CAGGCATGGCCTCCACCTGC − 3’

244

3 PLA2-III [s], 5’-ACAACTCTTCTATGCCTGG-3’

[a], 5’-TGTGACATCCCTAACTTCC-3’

256

4 PLA2-IVA [s], 5’-GTTGCTGGTCTTTCTGGCTC-3’

[a], 5’-GGTAAAGGGCATTGTGCAGT-3’

313

5 PLA2-IVB [s], 5’- GCTGCAAGGGAGCTCTGCGT − 3’

[a], 5’- CCAGCACGAAGCTCAGGGGC − 3’

286

6 PLA2-IVC [s], 5’-CGATTTACCCGAGGAGTGG-3’

[a], 5’-GCTTCCGAAGTGGGTTATGG-3’

329

7 PLA2-VI [s], 5’-TGCGCAACCGCTTCGACTGT-3’

[a], 5’-AGTTGTCTGCCGATTTTGGAGGC-3’

214

8 PLA2-X [s], 5’- TCCCTTATTCCGAGGAGACTTCCCT − 3’

[a], 5’- CCACGCCGGTGCACACGTAA − 3’

395

9 Acid-iPLA2 [s], 5’- AGGTCTGCTTCTCGGGGACGTG − 3’

[a], 5’- GCTCCAGGCAAGATGGTCCTCA − 3’

241

10 iPLA2-2 [s], 5’- GGACCCGGGCATTAGTTCAGGCA − 3’

[a], 5’- GCAACCACGCCCCTTGTTCCT − 3’

286

Pla Gene Silencing:
PLA2 siRNA (IB, IID and IVA from Sigma Aldrich, USA) and scrambled siRNA were transfected into HCT-15
cells using transfection lipofectamine™ 2000 reagent as described previously [8]. The sequences of all
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siRNAs used in this study are provided in Table 2. Brie�y, in HT-29 (IB) and HCT-15 (IID and IVA) cells the
PLA2 gene was silenced by using speci�c siRNA against the group IB, IID and IVA PLA2 gene. The cells (1 

× 105 per well) were seeded in 2 ml antibiotic-free medium supplemented with 10% FBS in a six-well
culture plate. After 60–80% con�uency the cells were siRNA (IB, IID and IVA from Sigma Aldrich, USA) and
scrambled siRNA were transfected into HCT-15 cells using transfection lipofectamine™ 2000 reagent.
Brie�y, in HT-29 (IB) and HCT-15 (IID and IVA) cells the PLA2 gene was silenced by using speci�c siRNA

against the group IB, IID and IVA PLA2 gene. The cells (1 × 105 per well) were seeded in 2 ml antibiotic free
medium supplemented with 10% FBS in a six well culture plate. After 60–80% con�uency the cells were
transfected with transfection reagents for 6–8 hr at 370C in a CO2 incubator following the recommended
protocol provided with siRNA oligos. Before transfection, the medium was replaced with fresh medium
without antibiotics. After transfection, additional media was added with 20% FBS so that the �nal
concentration of FBS becomes 10% in the �nal mixture followed by the treatment with a speci�c
concentration of B(α)P for 48 hr. After completion of the incubation time, total RNA was isolated as
mentioned above transfected with transfection reagents for 6–8 hr at 370C in a CO2 incubator following
the recommended protocol provided with siRNA oligos. Before transfection, the medium was replaced
with fresh medium without antibiotics. After transfection, additional media was added with 20% FBS so
that, the �nal concentration of FBS becomes 10% in the �nal mixture followed by the treatment with a
speci�c concentration of B(α)P for 48 hr. After completion of the incubation time, total RNA was isolated
as mentioned above. Similarly, one microgram of RNA was converted into cDNA and expression of group
IB, IID and IVA PLA2 was checked by qRT- PCR (Lightcycler 480, Roche diagnostics, Germany).

Table 2
Sequences of siRNAs

S. No. Name of target gene Sequence of siRNAs

1. PLA2 IB Sense 5’ CCCGUACACCCACACCUAU (dT)[dT] 3'

Anti-sense 5’ AUAGGUGUGGGUGUACGGG (dT)[dT] 3'

2. PLA2 IID Sense 5’ CUUCUGACCUUCUGAAGCU (dT)[dT] 3'

Anti-sense 5’ AGCUUCAGAAGGUCAGAAG (dT)[dT] 3'

3. PLA2 IVA Sense 5’ GACAUAAACCCUGUGUGGA (dT)[dT] 3'

Anti-sense 5’ UCCACACAGGGUUUAUGUC (dT)[dT] 3'

4. Scrambled control Sense 5' UUCUCCGAACGUGUCACGU (dT)[dT] 3'

Anti-sense 5' ACGUGACACGUUCGGAGAA (dT)[dT] 3’

Statistical analysis:
The data were analyzed using the SPSS 16.0 software. All results were expressed as mean ± SD. The
differences in all data were assessed by one-way analysis of variance (ANOVA) by the Bonferroni test and
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nonparametric method such as Kurskali Wallice wherever required. The difference was taken as
statistically signi�cant at p < 0.05.

Results

Effects of various concentrations of [B(α)P] on cell Viability:
Figure 1 shows the effect of benzo(α)pyrene [B(α)P] on the viability of HCT-15 (Fig. 1A) and HT-29 cells
(Fig. 1B). Signi�cant cytotoxicity in HCT-15 cells was observed at 1.0 µM concentration of
benzo(α)pyrene at 48 and 72 hr (p = 0.042). Whereas, at 24 hr it was evident only at 100 µM (p = 0.038).
Cell survival at 1.0, 10, 50, 100, and 200 µM concentrations of B(α)P was found to be 88 ± 6.9%, 97 ± 
5.5%, 92 ± 9.5%, 84 ± 3.1% and 58 ± 7.6% at 24 hr; 83 ± 3.6%, 80 ± 4.0%, 78 ± 1.5%, 73 ± 3.6% and 54 ± 1.7%
at 48 hr; and 82 ± 4.0%, 79 ± 1.5%, 73 ± 2.6%, 59 ± 4.0% and 28 ± 2.1% at 72 hr respectively as compared to
control in HCT-15 cells (Fig. 1A). Whereas, HT-29 cells were found to be in comparison to HCT-15 cells
resistant to B(α)P as survival at 1.0, 10, 50, 100, and 200 µM concentration was found to be 96 ± 4.7%, 94 
± 7.7%, 89 ± 6.2%, 83 ± 7.3% and 67 ± 13.8% at 24 hr; 98 ± 6.4%, 85 ± 16.6%, 70 ± 8.5%, 47 ± 6.1% and 31 ± 
8.5% at 48 hr; and 100 ± 6.9%, 84 ± 13.1%, 63 ± 14.4%, 39 ± 11.2% and 20 ± 2.6% at 72 hr respectively as
compared to control (Fig. 1B).

Intracellular Ros Production:
Total ROS production in HCT-15 and HT-29 cells by B(α)P concentrations at different time intervals is
shown in Fig. 2. In HCT-15 cells, ROS production was found to be signi�cantly increased 48 hr after
treatment of cells with varying concentrations of B(α)P (0.1, 1.0, 10, 50, 100 and 200 µM) respectively as
compared to control (100%) (p=) 0.036) (Fig. 2A). In HT-29 cells, total ROS production was found to be
157 ± 39.1%, 254 ± 48.1%, 274 ± 18.3%, 444 ± 39.5%, 455 ± 46.0% and 279 ± 34.4% at 24 hr and, 214 ± 
43.7%, 255 ± 29.8%, 255 ± 38.5%, 350 ± 37.2%, 300 ± 14.1%, and 232 ± 38.8% at 48 hr after treatment of
cells at the above mentioned concentrations of B(α)P respectively as compared to control (100%) (p = 
0.042) (Fig. 2B).

Mitochondrial ROS levels after treatment with varying B(α)P concentrations (0 to 200 µM) in both the cell
lines are shown in Fig. 3. In HCT-15 cells maximum the generation of ROS was observed at 50 µM
concentration of B(α)P (221% vs 100% (control)). However, the generation of ROS declined almost to
basal level after the treatment of cells at 200 µM (p = 0.028) (Fig. 3A). Whereas, ROS production in HT-29
cells was found to be at the peak after treatment with 1 µM concentration of B(α)P. However, the
generation of ROS started declining after 10 µM and reached to basal level at 200 mM concentration (p = 
0.032) (Fig. 3B).

The SOR production in HCT-15 cells after the exposure of various concentrations of B(α)P for 24 hr and
48 hr are shown in Fig. 4A. SOR production signi�cantly decreased after the treatment of cells at 200 µM
of B(α)P concentration as compared to the basal level(p = 0.022). We observed no change in the SOR
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production in HT-29 cells at 24 hr after treatment with B(α)P concentrations. However, at 48 hr SOR
production was signi�cantly increased after treatment with B(α)P at 1 µM to 50 µM concentration as
compared to basal level (p = 0.034) (Fig. 4B).

Pla Mrna Expression In Hct-15 And Ht-29 Cells:
mRNA expressions of secretory phospholipase A2 (sPLA2), cytosolic phospholipase A2 (cPLA2) and
independent phospholipase A2 (iPLA2) groups were evaluated in the cells after challenging them with
selected concentrations of B(α)P. PLA2 gene expression at 24 hr and 48 hr of treatment with the B(α)P in
HCT-15 and HT-29 are shown in Fig. 5A and 5B respectively. Group IVC PLA2 was not detectable in HT-29
cells at the control level as well as after treatment with B(α)P concentrations. Whereas, it was expressed
in HCT-15 cells after treatment with B(α)P concentrations. The other groups, like PLA2 IB of sPLA2 family,
was upregulated signi�cantly from 0.62 ± 0.03 (control) to 0.92 ± 0.1, 1 ± 0.07, and 1.1 ± 0.15 after
treatment with 0.01, 0.1, and 1.0 µM B(α)P concentrations respectively in HT-29 cells at 48 hr (p = 0.028)).
While such effects were not observed in HCT-15 cells after treatment with B(α)P at 48 hr. However, the IID
PLA2 group was upregulated signi�cantly. The relative gene expression after B(α)P treatment at 0.01, 0.1,
and 1.0 µM B(α)P was upregulated signi�cantly from 1.2 ± 0.07 (control) to 1.8 ± 0.21, 2 ± 0.13, and 2 ± 
0.15 respectively in HCT-15 cells (p = 0.025). While such effects were not observed in HT-29 cells after
treatment with B(α)P at 48 hr. The relative gene expression of PLA2 group IVA was signi�cantly
upregulated after treatment with 0.01, 0.1, and 1.0 µM B(α)P from 0.9 ± 0.1 (control) to 1.4 ± 0.19, 1.8 ± 
0.24, and 1.8 ± 0.27 respectively in HCT-15 cells at 48 hr (p = 0.041). All values are given in the form of a
grey value of densitometry analysis by image J software. Levels of mRNA expression of III, IVB, IVC, VI, X,
aiPLA2 and iPLA2 groups were not affected in the cells after treatment with B(α)P. (Fig. 5A and 5B).

Effect of silencing of IB, IID, and IVA PLA2 by speci�c
PLA2-siRNA in B(α)P treated colon cells:
The upregulation of IB, IID and IVA PLA2 gene expression in the presence of B(α)P was inhibited by siRNA
of IB, IID and IVA PLA2 gene in HCT-15 and HT-29 colon cells.

Silencing of gene expression in HT-29 and HCT-15 cell lines by siRNA:

Relative gene expression (mean ± SD) of group IB at mRNA levels in siRNA (IB) without and with 0.1 µM
B(α)P was found to be, signi�cantly reduced as compared with scrambled siRNA (P = 0.035) in HT-29
cells (Fig. 6A). Relative mRNA expressions of IID in siRNA (IID) without and with 0.1 µM B(α)P were found
to be signi�cantly reduced (p = 0.025) as compared to scrambled controls in HCT-15 (Fig. 6B). Relative
gene expression of group IVA at mRNA levels in siRNA (IVA) without and with 0.1 µM B(α)P concentration
was found to signi�cantly down-regulated (p = 0.021) in comparison to scrambled controls in HCT-15
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(Fig. 6C). Thus, a signi�cant inhibition in gene expressions of group IB, IID, and IVA, PLA2 isoforms were
observed in the presence of siRNA of speci�c PLA2 gene (p < 0.05).

Effect of group IB, IID, and IVA PLA 2 gene silencing

Cell Viability:
Effects of B(α)P on cell viability after silencing the speci�c PLA2 genes are shown in Fig. 7 at 48 hr.
Figure-7A shows cell viability in group IB PLA2 transfected cells using IB siRNA. Viability of cells in
scrambled siRNA control and siRNA (IB) without and with 0.1 µM B(α)P were found to be comparable
respectively as compared to scrambled control in HT-29 cells (Fig. 7A). The percentage of cell viability
after knockdown with IID PLA2 siRNA or scrambled siRNA control and siRNA (IID) without and with
0.1 µM B(α)P were found to be not signi�cantly reduced as compared to scrambled control in HCT-15
cells (Fig. 7B). The cell viability in HCT-15 cells after the suppression of group IVA PLA2 gene using siRNA
of scrambled siRNA control and siRNA (IVA) without and with 0.1 µM B(α)P were found to be comparable
as compared to scrambled control (Fig. 7C). It was worth noting that values after treatment with B(α)P
were statistically non signi�cant to scrambled control.

Intracellular Ros:
ROS formation in the presence of group IB, IID and IVA siRNA in both cell lines at 48 hr is shown in Fig. 8.
Total ROS production in scrambled siRNA control and siRNA (IB) without and with 0.1 µM of B(α)P in HT-
29 cells were found to be 101 ± 3.1%, 86 ± 5.5% and 106 ± 7.3% respectively (Fig. 8A). ROS production in
HCT-15 cells in the presence of scrambled siRNA control and siRNA (IID) without and with 0.1 µM of
B(α)P siRNA (IID) were found to be 106 ± 6.6%, 97 ± 5.1% and 88 ± 4.6% respectively (Fig. 8B). Whereas,
ROS production in the presence of group IVA siRNA with exposure to 0.1 µM B(α)P were 109 ± 10.3%, 104 
± 4.1%, and 147 ± 6.9% in scrambled siRNA control and siRNA (IVA) without and with 0.1 µM of B(α)P
respectively as compared to scrambled control in HCT-15 cells (Fig. 8C). A statistically signi�cant
increase (p = 0.014) in ROS production was found only in IVA transfected cells when challenged with
0.1 µM B(α)P. Figure 8 (D, E, and F) shows mitochondrial ROS production after down-regulation of the
PLA2 gene using siRNA and treating the cells with 0.1 µM B(α)P at 48 hr. ROS production in HT-29 cells
transfected with group IB PLA2 gene using siRNA and treated to 0.1 µM B(α)P was 89 ± 6.4%, 81 ± 3.7%,
and 89 ± 3.4% in scrambled siRNA control and siRNA (IB) without and with 0.1 µM of B(α)P respectively
(Fig. 8D). Whereas ROS production in the presence of group IID PLA2 siRNA in HCT-15 cells was 121 ± 
2.8%, 97 ± 10.3% and 92 ± 8.6% in scrambled siRNA control and siRNA (IID) without and with 0.1 µM of
B(α)P respectively (Fig. 8E). On the other hand, ROS production in the presence of group IVA siRNA with
exposure to 0.1 µM B(α)P was 104 ± 12.5%, 99 ± 5.2%, and 96 ± 4.2% in scrambled siRNA control and
siRNA (IVA) without and with 0.1 µM of B(α)P respectively in HCT-15 cells (Fig. 8F). However, all the



Page 10/22

values in the experimental groups mentioned above were statistically non-signi�cant to scrambled
control.

Sor Production:
Relative SOR production in the presence of group IB, IID and IVA siRNA in both cell lines at 48 hr is shown
in Fig. 9. Relative SOR production in HT-29 cells transfected with group IB PLA2 gene siRNA treated with
0.1 µM B(α)P in scrambled siRNA control and siRNA (IB) without and with 0.1 µM of B(α)P were found to
be 92 ± 4.9%, 103 ± 9.6% and 116 ± 3.5% respectively (Fig. 9A). Whereas, SOR production in scrambled
siRNA control and siRNA (IID) without and with 0.1 µM of B(α)P was 91 ± 8.0%, 86 ± 6.7%, and 90 ± 3.6%
respectively in HCT-15 cells (Fig. 9B). However, the SOR production in HCT-15 cells in the presence of
siRNA (IVA) was 96 ± 12.0%, 73 ± 10.7% and 69 ± 13.0% in scrambled siRNA control and siRNA (IVA)
without and with 0.1 µM of B(α)P respectively (Fig. 9C). Like other parameters such as cell viability, ROS,
mitochondrial ROS, etc in this case also the changes were non-signi�cant to scrambled control.

Discussion
CS continues to remain one of the most important health hazards and it contributes extensively to many
diseases including respiratory disorders characterized by in�ammatory changes in the lungs [9, 10]. It is
involved in many other cancers like pharynx, larynx, esophagus, etc. various studies also suggested the
relationship between smoking and stomach, liver and colon cancer [11, 12]. However, the molecular and
cellular mechanism involved in the pathogenesis of smoking-related colon cancer remains unknown.

CS is a very complex, multi-factorial stimulus with over 5300 identi�ed [13]. Approximately 100
carcinogens, co-carcinogens, mutagens, and/or tumor promoters are present in CS [14]. One of the most
prominent carcinogens in burned as well as, unburned tobacco, is benzo(α) [15]. The complex changes in
cellular functions, morphology and gene expression caused by CS constituents that are initiators as well
as promoters of carcinogenesis [16], involve a combination of direct and indirect effects on cells and their
components. We found that treatment with B(α)P resulted in a signi�cant change in cell shape and size in
both the cell lines (HCT-15 and HT-29 cells). There was prominent fragmentation, loss of cohesiveness,
irregular shape and the cells appeared in clumps. Our present study is in check this word with an earlier
report, on MCF-10A and MCF-12A cell lines which also showed these cellular changes after CSC
treatment. These morphological changes may be due to multiples factors like altered cell membrane
integrity caused by increased formation of ROS leading to changes in cytotoxicity, proliferation and
apoptosis.

Cytotoxicity, an important factor in understanding the mechanism of action of chemicals on cells and
tissues, may modulate the activity of other agents, including free radicals, oxidants, irritants and
genotoxins [17]. These intracellular moieties have been reported to induce adverse effects in the body
[18]. In this study, we observed that no cytotoxic effects of B(α)P at concentrations below 1 µM in HCT-15
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and below 50 µM in HT-29 cells, but at higher concentrations, the cell viability decreased signi�cantly.
Similar observations have been reported earlier on the effects of B(α)P in other cell lines [19].

Cellular levels of ROS re�ect a delicate balance between ROS production and detoxi�cation. Despite the
existence of such well-coordinated cellular ROS detoxi�cation systems, the uncontrolled ROS production
may overwhelm these defense mechanisms. Many previous studies have shown that aqueous cigarette
tar extracts increase cellular production of ROS [20, 21] leading to increased pro-in�ammatory gene
expressions [22]. As cells respond to various agents and mediate the regulation of ROS through different
mechanisms of H2O2, superoxide and mitochondrial ROS generation. It was of interest to elucidate the
main mechanism of ROS mediated damage towards the B[a]P in the colon cells. Hence we used various
�uorescent probes that detect the intracellular H2O2 using DCFH-DA, superoxide using DHE and
mitochondrial ROS using DHR123. Our results clearly show that PLA2 IVA is identi�ed in the intracellular
H2O2 mediated oxidative stress. In this study, we have found that B(α)P induced intracellular ROS in both
the colon cell lines (HCT-15 and HT-29). However, the extent of ROS production was more in HT-29 cells
than in HCT-15 cells. Interestingly the induction of ROS, in HT-29 cells which had the origin from
colorectal, human primary carcinoma of the colon was more active in producing ROS [23]. As intracellular
ROS could function upstream or downstream of the mitochondria, we also determined the mitochondrial
ROS production in these cells after exposure with B(α)P. It was found that the extent of generation of ROS
in mitochondria of HT-29 cells was less as compared to HCT-15 cells. Besides this the extent of
mitochondrial ROS generation in HT-29 cell was much less than the overall stimulation whereas, in HCT-
15 cells the increase in overall and mitochondrial production of ROS was much less than in HT-29 cells.
The possible explanation for such an observation could be the variation in mitochondrial antioxidant
defense (enzymatic and non-enzymatic) system in the two cell lines, one of which (HT-29) is more
resistant than the other (HCT-15) to the toxic materials.

Another pathway of regulating the superoxide radicals is through ubiquinol (QH2) which has been shown
to act as a reducing agent in the elimination of various peroxides in the presence of succinate [24].
Though like total ROS, SOR production by B(α)P was more in HT-29 than HCT-15 cells, the mitochondrial
ROS production was more in HCT-15 cells. This �nding indicates of better antioxidant status of HT-29
cells and is likely to be related to the stability of cells in response to toxic material B(α)P. If we closely look
at the cell viability and ROS generation at the concentrations of Benzo pyrene used, both the cell lines
showed the ROS generation using all the �uorescent dyes. However, the concentrations at which both the
cell lines showed ROS generation was at 0.1uM for DCFH-DA and DHR123. It is clear from this result that
the initiation of ROS starts at 0.1uM but to have the toxicity effect the dose of 0.1 µM B[a]P is not
su�cient to elicit the damaging effect and only happens beyond the dose of 1 µM. In this study we
observed that the exposure to B(α)P in colon epithelial cells induced an increase in the expression of
phospholipase A2. sPLA2 isoforms produce in�ammatory mediators that stimulate the expression of
ICAM-1. Recently several studies have looked beyond the role of phospholipase enzymes in in�ammation
to probe their contribution to the pathogenesis of cancer [25–27]. As per our knowledge there is no study
that has determined the status of PLA2 isoforms expression in colon cells after exposure with B(α)P.
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There are some studies that have reported the expression of various PLA2 isoforms in some cancers
including colon cancer. However, the majority of these studies have looked at the expression of cPLA2

only. Our study is different from all the previous studies as we have evaluated the expression of all PLA2

isoforms as well as their modulation with B(α)P. In this study, expression of PLA2 isoforms in both cell
lines were treated with B(α)P, induction in the expression of PLA2 isoforms was different in HCT-15 and
HT-29 cells. Group IVC PLA2 was not expressed in HT-29 cells at the control level as well as after
treatment with B(α)P. Whereas, it was expressed in HCT-15 cells after treatment with B(α)P. PLA2 IID and
IVA group of sPLA2 family was upregulated signi�cantly in treated groups when compared to control in
HCT-15 cells whereas group IB PLA2 increased signi�cantly with B(α)P treatment in HT-29 cells. Levels of
mRNA expression of III, IVB, IVC, VI, X, aiPLA2 and iPLA2 groups were not affected in the cells after
treatment with B(α)P.

Many previous studies documented the PLA2s such as cPLA2, sPLA2 group IIA, sPLA2 group IID and
sPLA2 group X has been involved in colon tumor development [28, 29]. Our �ndings are similar to that of
Valentine et al., 2000 [30] to some extent, wherein they found over-expression of cPLA2 in 49% of colon
carcinomas patients as well as in four colon cancer cell lines. These results coincide with the elevated
expression of cPLA2α in human colon adenocarcinoma [31]. On the other hand, cPLA2 expression has
been reported to be was diminished in azoxymethane-induced mouse colon tumors and knock-out of
cPLA2 enhanced colon tumor development [32]. But effects of PLA2-knockdown observed in this study on
CSC- and B(α)P-induced changes may be due to reversal of the process of cell morphology, cell viability,
cell proliferation, cell membrane integrity, cell apoptosis, ROS production, mitochondrial ROS production
and SOR formation in transfected cells by speci�c PLA2 siRNA as well as in cells treated with selected
concentration of B(a)P in HCT-15 and HT-29 cells. The underlying molecular mechanism involved in this
process appears to be through sPLA2 (group IID) and cPLA2 (group IVA) in HCT-15 cells, whereas it occurs
through sPLA2 (group IB) in HT-29 cells. This observation clearly indicates that sPLA2 isoforms are
commonly affected PLA2 in both these cell lines and inhibition of this isoform by the speci�c agents may
play an important role in arresting the growth of colon cancer cells.

Conclusion
sPLA2 appears to be the most common form of PLA2 playing a role in the deleterious effects of B(α)P in
HCT-15 and HT-29 colon cells.
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Figure 1

Effect of B(α)P treatment on cell viability (MTT assay) in HCT-15 cells (A) and HT-29 cells (B). Both the
cell lines were treated with different concentrations of B(α)P for 24, 48 and 72 hours. Results are
expressed as mean±SD of three assays. *p<0.05; *B(α)P treated cells compared with respective controls.
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Figure 3

Effect of B(α)P treatment on ROS production (by DCFH-DA �uorescence dye) in HCT-15 cells (A) and HT-
29 cells (B). Both the cell lines were treated with different concentrations of B(α)P for 24 and 48 hours
including 30 minutes with �uorescence dye at the end phase. Cells were then washed with sterile PBS,
and deadhered for �nal analysis. Results are expressed as mean±SD of three assays. *p<0.05; *B(α)P
treated cells compared with respective controls.
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Figure 5

Effect of B(α)P treatment on mtROS production (by DHR123 �uorescence dye) in HCT-15 cells (A) and HT-
29 cells (B). Both the cell lines were treated with different concentrations of B(α)P for 24 and 48 hours
including 30 minutes with �uorescence dye at the end phase. Cells were then washed with sterile PBS,
and deadhered for �nal analysis. Results are expressed as mean±SD of three assays. *p< 0.05; *B(α)P
treated cells compared with respective controls.
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Figure 7

Effect of B(α)P treatment on SOR production (by DHE �uorescence dye) in HCT-15 cells (A) and HT-29
cells (B). Both the cell lines were treated with different concentrations of B(α)P for 24 and 48 hours
including 30 minutes with �uorescence dye at the end phase. Cells were then washed with sterile PBS,
and de-adhered for �nal analysis. Results are expressed as mean±SD of three assays. *p< 0.05; *B(α)P
treated cells compared with respective controls.
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Figure 9

mRNA expression of different groups of isoforms at constitutive level and after treatment with B(α)P for
different times (24 and 48 hours) in HCT-15 cells (A) and HT-29 cells (B). β-actin was used as an internal
control for normalization of mRNA levels. Experiments were done in triplicates.

Figure 11

Real Time PCRanalysis of (A) group IB PLA2 in siRNA transfected HT-29 cells (B) Group IID PLA2
transfected HCT-15 cells (C) Group IVA PLA2 transfected HCT-15 cells with scrambled control, positive
control and positive control along with B(α)P exposure for 48 hours. β-actin was used as an internal
control for normalization of mRNA levels. Relative expression represented by fold change. Results are
expressed as mean±SD of three assays. *p< 0.05; *positive control cells and B(α)P treated cells compared
with scrambled control.
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Figure 13

Effect of B(α)P for 48 hours on cell viability (MTT assay) of HCT-15 and HT-29 cells transfected with
siRNA of PLA2 (IB, IID and IVA) groups. A. Group IB PLA2 transfected HT-29 cells; B. Group IID PLA2
transfected HCT-15 cells C. Group IVA PLA2 transfected HCT-15 cells. Results are expressed as mean±SD
of three separate assays. ScrCont: Scrambled control.

Figure 15

Effect of B(α)P for 48 hours on ROS production (by DCFH-DA �uorescence dye) of HCT-15 and HT-29 cells
transfected with siRNA of PLA2 (A) IB (B) IID and (C))IVA groups and on mitochondrial ROS production
(by DHR123 �uorescence dye) (D) IB (E) IID and (F)IVA groups. Both the cell lines were treated with
concentrations of 0.1µM B(α)P for 48 hours including 30 minutes with �uorescence dye at the end phase.
Cells were then washed with sterile PBS, and de-adhered for �nal analysis. Results are expressed as
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mean±SD of three separate assays. ScrCont: Scrambled control. *p< 0.05; *positive control cells with
B(α)P treated cells compared with scrambled control.

Figure 17

Effect of B(α)P for 48 hours on SOR production (by DHE �uorescence dye) of HCT-15 and HT-29 cells
transfected with siRNA of PLA2 (A) IB, (B)IID and (C) IVA groups. Both the cell lines were treated with
concentrations 0.1µM B(α)P for 48 hours including 30 minutes with �uorescence dye at the end phase.
Cells were then washed with sterile PBS, and de-adhered for �nal analysis. Results are expressed as
mean±SD of three separate assays. ScrCont: Scrambled control.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Coverletter.doc

Coverletter.doc

https://assets.researchsquare.com/files/rs-25037/v1/Coverletter.doc
https://assets.researchsquare.com/files/rs-25037/v1/Coverletter.doc

