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Background: Tumor cells proliferation and apoptosis inhibition are the mechanisms through which the Colorectal 
Cancer (CRC) progression, metastasis and chemoresistance are promoted pathologically, offering clinical advantages for 
characterizing their molecular regulators. 
Objectives: In this study, to unravel the role of PIWIL2 as a potential CRC oncogenic regulator, we examined the effect 
of its overexpression on proliferation, apoptosis and colony formation of SW480 colon cancer cell line.
Material and Methods: Established SW480-P (overexpression of PIWIL2) and SW480-control (SW480-empty vector) 
cell lines were cultured in DMEM containing 10% FBS with 1% penicillin-streptomycin. The total DNA and RNA was 
extracted for further experiments. Real-Time PCR and western blotting assay were performed to measure the differential 
expression of proliferation associated genes including the expression of cell cycle and anti-apoptotic genes as well as Ki-
67 and PIWIL2 in both cell lines. Cell proliferation was determined using MTT assay, doubling time assay and the colony 
formation rate of transfected cells was measured with the 2D colony formation assay.
Results: At the molecular level, PIWIL2 overexpression was associated with significant up-regulation of cyclin D1, STAT3, 
BCL2-L1, BCL2-L2 and Ki-67 genes. MTT and doubling time assay showed that PIWIL2 expression induced time-related 
effects on proliferation rate of SW480 cells. Moreover, SW480-P cells had markedly greater capacity to form colonies.
Conclusions: PIWIL2 plays important roles to promote cancer cell proliferation and colonization via the cell cycle 
acceleration and inhibition of apoptosis, the mechanisms through which this gene seems to contribute to CRC development, 
metastasis and chemoresistance, hence potentially highlighting PIWIL2 targeted therapy as a valuable tool for CRC 
treatment. 
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1. Background
Cellular proliferation is indispensably required for 
body development, from embryogenesis to tissue repair 
and growth (1). There are tightly controlled multiple 
steps in the normal process of cells proliferation. 
However, tumorigenesis is the result of uncontrolled 

proliferation that is the hallmark feature of cancers (2). 
In cancer cells, dysregulation of the cell cycle elements 
including cyclins, cyclin dependent kinases (Cdks), 
Cdk inhibitors (CKI) and growth factors promotes the 
cellular proliferation, while diminishing the proliferation 
inhibitors (3). Assessment of tumor cell proliferation 
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have clinical advantages to predict tumor relapse, 
metastatic potential and survival in many types of 
cancers including Colorectal cancer (CRC) as the major 
cause of cancer related death worldwide (4). Several 
line of studies have reported the correlation between 
high proliferation, chemoresistance and invasive CRC 
phenotypes (5-7). CRC develops in a multi-step process 
which is based on uncontrolled cell proliferation and 
the progressive inhibition of apoptosis. When apoptosis 
is disrupted in CRC cells, these cells become immortal 
and accumulate further genetic and epigenetic alterations 
leading to aggressive tumorigenic behavior such as 
angiogenesis and metastasis (2). In addition, these cells 
become resistant to the common cancer treatments 
which is supposedly due to the apoptosis disruption in 
their cancer stem cells (8). Taking together, attempt to 
better understanding of the master regulators, controlling 
either cellular proliferation or apoptosis resistance, as 
well as their molecular targeting should provide effective 
therapeutic strategies to improve treatment response 
rates. P-element-induced wimpy testis (PIWI) proteins 
are one of the Argonaute (AGO) family members. 
PIWI gene subfamily is comprised of four members 
in the human genome including Piwil1/Hiwi,  Piwil2/
Hili,  Piwil3, and  Piwil4/Hiwi2. The  PIWIL2  (piwi-
like 2) gene is located on chromosome 8 (8p21) with 
23 exons which coding 973 amino acids (110 kDa of 
MW). PIWIL2 harbors two conserved PAZ and PIWI 
domains, (whereas) the PAZ domain (PPD) is a central 
domain with RNA binding motif, which binding to the 
3′ end of short RNAs, and the C-terminal PIWI domain 
acts as an RNase H catalytic region. PIWIL2, mainly 
functioning in germ cells, plays role in cell division, 
self-renewal, RNA silencing, translational regulation, 
chromatin remodeling  and epigenetic modifications 
of GSCs.  Although PIWIL2 expression is mainly 
confined to the germ cells but was wildly reported to be 
ectopically expressed in several cancers such as breast, 
lung, glioblastoma, cervical and prostate cancers (9-12). 
In addition, accumulating studies reveal that PIWIL2 
expression was higher in colorectal carcinomas compared 
with adjacent normal colon mucosa, yet requiring further 
investigations to investigate the relation between PIWIL2 
upregulation and  the aggressive clinicopathological state 
of the colorectal carcinomas (13,14).

2. Objectives
In this study, we examined the effect of PIWIL2 

expression on proliferation, apoptosis and colony 
formation of SW480 colon cancer cell line. Our 
results showed that PIWIL2 played an important role 
to promote cell proliferation and colony formation in 
CRC cells while inhibiting their apoptosis. PIWIL2 
contributed to CRC proliferation through up-regulation 
of cyclin D1 resulting in the acceleration of cell 
cycle progression. Moreover, PIWIL2 contribution to 
apoptosis inhibition was undertaken via up-regulation 
of STAT3 and BCL2-L1 and BCL2-L2 genes involved 
in apoptotic pathway.

3. Materials and Methods

3.1. Cell Culture
SW480 was cultured in DMEM medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% 
heat-inactivated fetal bovine serum (Gibco, Brazil), at 
37 °C in a humidified atmosphere of 95% air with 5% 
CO2. The stable SW480-PIWIL2 expressing (SW480-P) 
and SW480-empty vector (SW480-control) cell lines 
were generated by transfecting SW480 cell line using 
PCDNA3/PIWIL2 or PCDNA3/empty plasmid via 
electroporation with a NeonTM Transfection System 
(Thermo Fisher Scientific, USA) (supplementary 
Fig. 1). After 12h, infected cells were selected by 
G418 (500µg.mL-1), Sigma-Aldrich,USA) for 28 days. 
Survived cells were expanded for further analysis.

3.2. DNA Extraction and PCR Conditions
DNA was extracted from survived SW480-P and 
SW480-control stable cell lines by QIAamp DNA 
Mini Kit (Qiagen, Germany). DNA concentrations 
were measured by spectrophotometer (Nanodrop One, 
Thermo Scientific™,USA).  The ratio of absorbance at 
260/280 nm were between 1.8 and 2.0. The PCR with 
CMV forward and PIWIL2 reverse primers was conducted 
as follows: after 5 min denaturation at 95 °C, 30 cycles of 
PCR were carried out by denaturation at 95 °C for 30 secs, 
annealing at 62 °C for 20 sec and elongation for 30 secs at 
72 °C, followed by a final 5 min elongation at 72 ºC. The 
Primers were listed in supplementary Table 1.

3.3. RNA Extraction, cDNA Synthesis and Quantitative 
Real-Time PCR
Cells were grown to 70 % confluence on 6-well plates 
and subjected to total RNA isolation using High Pure 
RNA Tissue Kit (Roche, Germany) following the 
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manufacturer’s protocol. Synthesis of cDNA with 
reverse transcriptase was performed by RevertAid First 
Strand cDNA synthesis kit (Thermo Fisher Scientific, 
Inc). For Real-Time quantitative RT-PCR reactions 
using the Real Q Plus 2x Master Mix Green, without 
ROX (AMPLIQON, Denmark) was applied on Rotor-
Gene 6000 HRM Real Time PCR Thermocycler 
(Corbett Life Science, Australia). Primers for candidate 
genes, used for qRT-PCR, were designated by Oligo 
7 (version 7.56) software. Details of the primers 
were listed in Table 1 Calculation of relative mRNA 
expression was performed by the 2-∆∆Ct method. All the 
mRNA expression values were normalized to ß -actin 
as a reference gene.

3.4. Western Blotting 
Briefly, cells were lysed in a Lysis buffer with 
protease inhibitor cocktail and NP40 (1%) (Triton), 
and then clarified by centrifugation. Equal amounts 
of proteins were separated by SDS-PAGE. Proteins 
were transferred to polyvinylidene difluoride (PVDF) 
membranes and then blocked with 2% non-fat dry 
milk and washed with TBST buffer for 90 min at room 
temperature. Membranes were incubated with primary 
antibodies for B-actin (1:200 dilutions.), PIWIL2 
(1:200 dilutions.) overnight before incubation with the 
corresponding HRP-conjugated secondary antibodies 
(Santa Cruz Biotechnology, Inc.) and immunoreactive 
proteins were visualized with a chemiluminescence kit 
(Bio-Rad). 

3.5. Colony Formation Assay
Single cells at a density of 200 cells/well were seeded 
in six well plate in triplicate wells and incubated at 

Table 1. The sequences of primers and the related PCR conditions. 

names Forward primer Reverse primer Tm 
(°C)

Amplicon 
size (bp)

PIWIL2 CGAGGCTTGTCTGCTAATCTGG CTTGTCCACTTCTCTGCTGATACC 60 204

STAT3 GGAGAAGGACATCAGCGGTAAGAC AGAGATAGACCAGTGGAGACACCAG 60 149

BCL2L2 GGCCGCCTTGTAGCCTTCTTTGTCTTTGC CCCGTATAGAGCTGTGAACTCCGCCCAG 60 177

BCL2L1 ATATCAGAGCTTTGAACAGGTAGTG TAGGTGGTCATTCAGGTAAGTGG 60 178

CCND1 ATCAAGTGTGACCCGGACTGCCT ACGTCGGTGGGTGTGCAAGC 60 161

KI67 GGACTTTGGGTGCGACTTGAC TTACAACTCTTCCACTGGGACGAT 60 79

β-actin ACAGAGCCTCGCCTTTGCC GATATCATCATCCATGGTGAGCTGG 60 70

37 °C for 2 weeks. Then, cells were fixed in methanol 
and stained with crystal violet. The plates were then 
photographed, and the number of colonies larger than 
50 cells were counted. At least three independent 
experiments were carried out for each assay.

3.6. MTT Assay
The  prompted  proliferative   effect  of  PIWIL2  on 
SW480 cells were determined by 3-(4,5-dimethyl 
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
dye. In brief, 2000 cells/well were seeded into 96-well 
plates and the proliferation was monitored for 4 days 
(0, 24, 48 and 72 h). On each day, the DMEM medium 
was removed and MTT reagent (Sigma-Aldrich, 
USA) was added to a well and incubated in the dark 
at 37 °C for 4 h. Then, the supernatant of the well was 
removed and 200 µL of Dimethyl sulfoxide (DMSO) 
at room temperature was added and the absorbance 
was measured at 580 nm. 

3.7. Doubling Time Assay
To further investigate the promoting influence of 
PIWIL2 overexpression on the growth rate and division 
capacity of SW480-P cells, doubling time assay (time 
for a cell to double in number), to measure the cell cycle 
time of the cells was applied. Therefore, SW480-P and 
SW480-control cells were plated in triplicate wells 
(15000 cells per well) in 500 μL standard 10% FBS-
containing medium in 24-well plates. Haemocytometer 
counting with trypan blue staining was applied every 
24 h for 3 days (24, 48 and 72 h).

3.8. Statistical Analysis
Assessment of the statistical differences among the 
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experimental and control groups was performed by 
Student’s t test, using statistical analysis software SPSS 
version 24.0 (SPSS Inc., Chicago, USA). The data were 
presented as mean ± standard error of the mean (SEM). 
P values < 0.05 were interpreted to indicate significant 
difference.

4. Results

4.1. Establishment of Stable SW480-P and SW480-
Control Cell Lines
To verify successful overexpression of PIWIL2 in 
SW480-P cells, PIWIL2 overexpression was quantified 
by Real-Time PCR in SW480-P and SW480-control 
cells and normalized with β -actin housekeeping gene 
expressions. Substantial overexpression of PIWIL2 
was measured in SW480-P cells compared to SW480-
control cells (53.5 fold, P = 0.002) (supplementary 
Fig. 2A). In addition, western blotting assay was 
applied to detect the protein level of PIWIL2 in 
SW480-P and SW480-control cells. The results were 
consistent with the trend observed in the Real-Time 
PCR results (supplementary Fig. 2B). Further, to 
verify successful integration of PCDNA3/PIWIL2 
and PCDNA3/empty plasmids into genomic DNA 
of SW480 cells to generate SW480-P and SW480-
control stable cell lines, respectively, two PCRs with 
specific primers were performed in survived cells 

after antibiotic selection. A fragment harboring CMV 
promoter and PIWIL2 insertion was amplified only 
in SW480-P cell line, whereas no amplification was 
observed in SW480-control cell line confirming that 
only SW480-P cells were successfully transfected with 
the recombinant PCDNA3/PIWIL2 (supplementary 
Fig. 2C). 

4.2. PIWIL2 Overexpression Promoted Cell Cycle 
Progression and Anti-Apoptotic Pathway
Furthermore, to study the mRNA expression pattern 
of cell cycle related protein and anti- apoptotic 
pathway in SW480-P and SW480-control cell lines, 
their mRNA levels were quantitatively determined 
by qRT-PCR. Cyclin D1 mRNA expression level 
showed a significant enhanced expression (1.87 
fold, P  = 0.004) and Ki-67 mRNA expression, 
as another known proliferative marker, was also 
increased (1.17 fold, P  = 0.02) in SW480-P cells 
compared to SW480-control cells. Furthermore, the 
study revealed a statistically significant increase of 
mRNA levels of genes known to be involved in anti- 
apoptotic pathway such as the mRNA expression of 
STAT3, BCL2-L1 and BCL2-L2 with increase up to 
(1.67 fold, P = 0.02), (1.36 fold, P = 0.003) and (1.80 
fold, P = 0.006) fold, respectively when compared 
with controls in Figure 1. 

Figure1. The effect of PIWIL2 expression on key regulators of proliferation related pathways. The 
control values have been normalized to 1 (black bar), and the data were expressed as fold change in treated 
cells. *P < 0.05, **P < 0.01.
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4.3. PIWIL2 Promoted SW480 Cells Proliferation in a 
Time-Dependent Manner
The time-dependent changes in SW480 cells 
proliferation were monitored using the MTT assay. 
As presented in Figure 2, both the SW480-P and 
SW480-control cell lines were shown to have similar 
growth during 24 and 48 h.  After incubation for 72 h, 
a significant increase in the number of viable cells was 
observed in SW480-P cell lines as compared to SW480-
control cells, reaching up to 1.13 fold (P = 0.007). This 
results suggested that PIWIL2 induced time-related 

Figure 2. PIWIL2 overexpression induced time dependent growth of SW480 CRC cells. Cell lines 
after 0, 24, 48 and 72 h of incubation, respectively. Data were normalized to cells absorbance on day 1 
and shown as fold changes. **P < 0.01. All experiments were performed in 9 repeats. 

Figure 3. PIWIL2 expression elevated colony formation capacity in PIWIL2 transfected cells. 
A) image of six-well plates with colonies. B) the bar graph was obtained by calculating the number of 
colonies from each cell line. **P < 0.01

effects on proliferation rate in SW480 cells. 

4.4. PIWIL2 Expression Stimulated Colony Formation 
of SW480 Cells
The role of PIWIL2 in the colony formation was 
assessed as shown in Figure 3A. In both cell lines, 
colonies were visible after two weeks but the number 
of colonies were significantly greater in SW480-P 
cells in 2D culture compared with vector control. 
Further, the PIWIL2 transfected cells formed largest 
clones than the control group. Statistical analysis 
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indicated that expression of PIWIL2 promoted the 
colony formation of SW480 cells by 3.87 folds (P = 
0.001) Figure 3B.

4.5. PIWIL2 Overexpression Reduced Cellular Doubling 
Time 
Consistent with the MTT assay, doubling time 
experiment demonstrated higher growth rate for 
SW480-P cells by comparison with the SW480-control 
cells. As depicted in Figure 4, significant increase in 
cellular proliferation was observed in the SW480-P 
cells after 48-hour culture when the cells gained their 
optimal morphology and likely growth signals from 
each other. The doubling time calculation, undertaken 
during 72-hour monitoring of the cell counts, revealed 
nearly 2-hour decrease in doubling time of SW480-P 
cells in comparison to SW480-control cells (P = 
0.01).  According to our observations, doubling time 
of SW490-P and SW480-Control cells were measured 
as 19.23 h and 21.06 h, respectively; hence, signifying 
that PIWIL2 overexpression markedly led to the faster 
growth and proliferation activity of SW480-P cells. 

5. Discussion
 In the current study, we investigated the potential role 
of PIWIL2 in the proliferation of colorectal cancer 
cells, and demonstrated that PIWIL2 overexpression 
induced CRC cells proliferation through different 

Figure 4. Doubling time assay.  Counting the cells after 24, 48 and 72 h of culture, 
respectively. Each point indicated the average of counted cells in triplicate from 
SW480-P and SW480-control cells for the defined time. **P < 0.01. 
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mechanisms. In one mechanism, PIWIL2 expression 
reduced CRC cells apoptosis through up-regulation of 
STAT3 gene expression. Increasing expression level of 
STAT3 has been shown integrally involved in tumor 
initiation, progression and maintenance (15-17). STAT3 
is also involved in angiogenesis, chemoresistance and 
inflammation, and its inhibition was reported to induce 
growth retardation and apoptosis (15). Furthermore, in 
this study, PIWIL2 expression was shown to link the 
up-regulation of STAT3 to expression promotion of 
downstream target genes such as BCL2-L1 (BCL-XL) 
and BCL2-L2. The BCL-2 family proteins, have pro- 
or anti-apoptotic effects, which have fundamental roles 
in promotion (BAX, BAK, BOK, BIK, BLK, HRK, 
BAD, BID, DIVA and EGL-1) or inhibition (BCL2, 
BCL-X, BCL-W, MCL-1 and CED-9) of apoptosis 
(12,18). BCL2-L1 and BCL2-L2 are two main anti-
apoptotic members of BCL2 family proteins promoting 
cell survival (19). Lena Scherr et al. have demonstrated 
that among anti-apoptotic BCL-2 proteins, BCL-XL 
markedly increased in human CRC specimens. They 
generated a mouse model with defective BCL-XL 
in intestinal epithelial cells (Bcl-xL

IEC-KO) and found 
marked increase in apoptosis of Bcl-xL-negative 
tumors (20). Similar results were obtained from 
other publications reporting up-regulation of BCL-
XL associated with malignant behavior of colorectal 
cancer with worse clinical outcome (21,22). Our 
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findings supported previous studies demonstrating 
PIWIL2 mediated anti-apoptotic state through the 
STAT3/BCL-XL signaling pathway (9,12). It seems 
that PIWIL2 drives some different pathways for 
repression of apoptosis in cancer cells. Recently, it has 
been reported that PIWIL2 suppresses the apoptosis 
in Esophageal squamous cell carcinoma (ESCC) by 
activating the classic IKK/IκB/NF-κB pathway (23). 
In another study, PIWIL2 was reported to prevent the 
Fas/FasL apoptotic pathway. Indeed, PIWIL2 binds 
to K8 and p38 and conformation of PIWIL2/K8/P38 
complex results in K8 accumulation inhibiting Fas-
mediated apoptosis (24). Another possible pathway 
or mechanism of action for PIWIL2 is supposed to be 
through its control over some cell cycle related proteins 
regulating the cell cycle progression of CRC cells. Our 
results suggested that PIWIL2 promoted the expression 
of cyclin D1, hence accelerating cell cycle progression 
and proliferation rate of CRC cells. Cyclin D1 is a key 
cell cycle related protein driving cell cycle progression 
through phosphorylation and subsequently inactivation 
of the retinoblastoma protein (pRB) (25). Cyclin D1 
is essential to induce G1/S cell cycle transition as 
well as being a main downstream target of STAT3 
(26,27). Several line of evidence showed correlation 
between cyclin D1 overexpression and tumorigenicity 
(25,28). In line with our observation, Qiu, et al. 
demonstrated that PIWIL2, via regulating ß-catenin/
cyclin D1 pathway, contributes to entry of tumor cells 
from G1 into S-phase, thereby mediating tumor cell 
proliferation (29). Consistently, PIWIL2 ablation in 
glioma cells led to the cell cycle arrest of U87 cells in 
the G0/G1 phase indicating the involvement of PIWIL2 
in the progression of the cell cycle of glioma cells 
(11). Interestingly, it seems that PIWIL2 participates 
in cancer proliferation via cell cycle progression 
mechanism through abnormal regulation of various cell 
cycle related proteins. By regulating CDK2 and cyclin 
A, PIWIL2 overexpression significantly increased 
cell proliferation in non-small cell lung cancer (10). 
Moreover, it has been shown that PIWIL2 mediated 
glioma G1/S phase transition by down-regulating p53 
and p21 expression, while simultaneously up-regulating 
cyclin E and Cdk2 (11). Therefore, it is evident that 
aberrant expression of protein components of cell 
cycle control results in abnormal cell cycle progression 
influencing cell proliferation (29).  As another line 
of evidence for PIWIL2 pro-survival activity, we 

investigated the expression of Ki-67 as a proliferation 
biomarker responding to the elevated expression 
level of PIWIL2-induded cyclin D1. Correlated with 
tumor cell proliferation, Ki-67 has been reported to 
be associated with metastasis and the clinical stage of 
tumors with predictive and prognostic potential (30-32). 
Ki-67 is a cell cycle associated antigen being expressed 
in all phases of cell cycle, except in G0 and early 
G1 phases, and its expression is robustly associated 
with proliferative cells (33,34). In line of our results, 
recently, it has been suggested that Ki-67 is necessary 
for normal G2/M transition and D-type cyclins are 
regulated mitosis by influencing Ki-67 expression as 
downstream target through E2F1 activation in HaCaT 
cells (35). In this study, concomitant increase in cyclin 
D1 and Ki-67 have been detected in SW480-P cells in 
comparison with SW480-control cells indicating that 
PIWIL2 may have boosting role for proliferation of 
CRC cells, an inference corroborated by the previous 
studies underlining PIWIL2 proliferative role in the 
other types of cancers (9,11,13). 
Since PIWIL2 expression is ectopically limited to 
cancerous tissues where it works as a key mediator of 
oncogenic signaling, the detectable expression levels of 
PIWIL2 in tumors can serve as a biomarker for CRC 
treatment and prognosis (12,36,37). With respect to 
the capacity of PIWIL2 for driving cell proliferation 
while concomitantly inhibiting apoptosis, it’s nearly 
exclusive expression in cancerous tissues as well as 
lack of presence in normal tissues offers valuable 
advantage for its application in targeting therapy 
(36,38). Furthermore, several cohort and cross-sectional 
studies have been reported to elicit the prognostic and 
clinopathological implications of PIWIL2, many of 
which suggesting its correlation with poor prognosis 
and severe clinopathological state of the patients 
(39,40).

6. Conclusions
In conclusion, it seems that PIWIL2 by driving some 
proliferation associated cancer pathways contributes 
to the cell cycle regulation, apoptosis, proliferation 
and colonization in different kind of cancers. In this 
study, we investigated STAT3/BCL-XL and cyclin D1 
pathway in CRC. Our results revealed that PIWIL2 
induced CRC proliferation and colony formation 
through acceleration of cell cycle along with coincident 
suppression of apoptosis, the mechanisms by which 
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PIWIL2 seemingly contributes to CRC development, 
metastasis and chemoresistance, all proving PIWIL2 as 
a valuable tool for target therapy of CRC.
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