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ABSTRACT 

Aim: This study aims to confirm previous fundamental in vitro findings about the PIWIL2 gene by investigating the effects of its 

overexpression on cell cycle, proliferation, apoptosis, and stem cell expression markers in colorectal cancer cells (CRC cells) at in 

vivo level. 

Background: PIWIL2 has a critical role in maintaining cellular stemness and proliferation. PIWIL2 is an oncogene whose expression 

in CRC is associated with the occurrence, metastasis, and poor prognosis.  

Methods: SW480 cells harboring expression vectors with/without PIWIL2 were cultured and inoculated in BALB/c nude mice. 

Tumor formation and growth were monitored every 3 days. On the 28th day after inoculation, the tumors were harvested for their 

total RNA extraction, and the expression profiling of the candidate genes was performed by Real-time PCR. 

Results: Our results for the expression profiling of the xenografted tumors showed a significant increase in the expression of cancer 

stem cell markers, including CD24, CD133, and pluripotency marker SOX2 in the PIWIL2 over-expressing xenografts, compared to 

the control cell line. Moreover, PIWIL2 dramatically promoted the anti-apoptotic pathway by inducing STAT3 and BCL2-L1 genes 

in the PIWIL2 over-expressing xenografts, along with the up-regulation of Cyclin D1 and Ki-67 genes. 

Conclusion: This research supports our prior in vitro findings, highlighting the critical role that PIWIL2 plays in the development of 

CRC and its substantial promise as a leading candidate for CRC-targeted therapy.   
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Introduction
1Colorectal cancer (CRC) is the world's second 

leading cause of cancer death (1), primarily due to 

metastasis (2). Cancer stem cells (CSCs) are a small 

subpopulation of tumor cells mainly responsible for 

tumor initiation, development, recurrence, and 

metastasis (3). CSCs have some putative markers, such 

 
Received: 13 July 2022   Accepted: 20 September 2022 

Reprint or Correspondence: Hamid Reza 

Soleimanpour-lichaei, Department of Stem Cells and 

Regenerative Medicine, Institute of Medical 

Biotechnology, National Institute of Genetic 

Engineering and Biotechnology (NIGEB), Tehran, 

Iran. 
E-mail: hrs@nigeb.ac.ir  

ORCID ID: 0000-0003-0173-958X 

as CD133, CD24, and SOX2. CD133, a five-

transmembrane glycoprotein, has been reported in 

several studies as a surface marker of CSCs (4). The 

elevated expression level of CD133 is correlated with 

tumor progression, lymphatic vascular invasion, 

recurrence, and metastases (5, 6). The cluster of 

differentiation 24 (CD24), as another CSCs marker, has 

been correlated with alterations in some oncogenic 

signaling pathways (7). It has been reported that 

CD24+/CD133+ populations in CRC are enriched for 

cancer stem cells (8). The link between CD24 and 

lymph node metastasis and the accompanying low 

survival rate, has previously been established (9, 10). 

The transcription factor Sox2 is a SRY-related HMG-
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box (SOX) family member. Its expression is linked to 

maintaining an undifferentiated stem cell state and poor 

prognosis (11).  

Unlimited proliferation in CSCs, caused by an 

imbalance between cell cycle and apoptosis, promotes 

their survival and stemness. This imbalance between 

apoptosis and proliferation induces tumor formation, 

especially in the colon, where apoptosis is a key 

regulator in intestinal turnover (12).  

Therefore, the effective strategy for CRC treatment 

is to explore biomarkers contributing to the survival, 

proliferation, and self-renewal of CSCs.  STAT3 is a 

key transcription factor strongly linked to CRC 

initiation and progression by influencing several 

pathways, such as anti-apoptosis, angiogenesis, 

invasion, and migration (13). BCL2L1, another main 

apoptotic inhibitor, was upregulated in 50-70% of CRC 

samples, which was associated with poorer overall 

patient survival (14-16). Cyclin D1, as a cell cycle-

related gene, regulates the transition from G1 to S 

phase in the cell cycle (17), while its upregulation 

drives CRC initiation and development.   

Piwi-like RNA-mediated gene silencing 2 

(PIWIL2), designated as HILI in humans, is a stem 

cell-specific protein with central roles in stem cell self-

renewal, asymmetric division, gametogenesis, 

transposon silencing, and chromatin remodeling (18, 

19). PIWL2 belongs to the PIWI family characterized 

by conserved PAZ and PIWI domains (19, 20). PIWIL2 

expression is restricted to male germ cells (21), where 

the silencing of Piwi protein significantly decreases the 

rate of their cell division (22). PIWIL2 is reactivated in 

tumors and plays oncogenic roles in the pathological 

process of tumor cells. Recent studies revealed that 

stable PIWIL2 expression was found in the breast's 

precancerous stem cells (pCSCs), leading to pCSCs 

development (23). Recently, we established genetically 

engineered SW480 cells harboring expression vectors 

with/without the PIWIL2 gene (SW480-PIWIL2 and 

SW480-control CRC cell lines, respectively) and 

investigated PIWIL2 influence on some of the key 

different molecular pathways (24). However, this study 

aimed to confirm, at in vivo level, the prior 

fundamental in vitro findings elucidating the role of 

PIWIL2 overexpression in cell cycle, proliferation, 

apoptosis, and stemness biomarkers in CRC cells. 

Methods 

Cell culture and transfection 
The SW480 cells were obtained from the National 

Cell Bank of Pasteur Institute (Tehran, Iran). PIWIL2-

overexpressing and control SW480 cells were 

established by transfecting PCDNA3-PIWIL2 and 

PCDNA3-empty vectors into the SW480 cell line via 

electroporation, respectively. After 28 days of G418 

antibiotic selection (Sigma, 500µg/ml), surviving 

colonies were expanded for further confirmation and 

analysis (24). The cells were cultured with DMEM 

(Gibco) supplemented with 10% fetal bovine serum 

(FBS, Gibco) and 1% penicillin-streptomycin (Gibco) 

at 37 °C in a humidified atmosphere of 5% CO2. 

In vivo xenograft experiments 
Six BALB/C nude mice were purchased from the 

Avicenna Research Institute, Shahid Beheshti 

University (Tehran, Iran).  They were randomly divided 

into 2 groups (three mice per group). All animal 

procedures were approved by the Experimental Animal 

Ethics Committee of the National Institute of Genetics 

Engineering and Biotechnology, Tehran, Iran (approval 

code: IR. NIGEB.EC.1400.8.17. D). The SW480 

overexpressing PIWIL2 or control cells suspensions (1 

× 106 cells) in 100 μl PBS were subcutaneously 

injected into the dorsal flanks of nude mice. Tumors 

growth was examined every three days. After 27 days, 

tumor samples were carefully removed for further 

experiments. It should be noted that the three mice 

from the control group, which were injected with 

SW480 control cells, did not develop tumor mass after 

14 days of injections; hence, these mice were omitted 

from subsequent research. 

After 14 days of injections, tumor mass did not 

appear in the three mice from the control group, which 

were injected by SW480 control cells; therefore, these 

mice were excluded from further experiments. 

RNA extraction and cDNA synthesis  
The total RNA isolation using High Pure RNA 

Tissue Kit (Roche, Germany) was applied for RNA 

extraction, and cDNA synthesis was performed by 

RevertAid First Strand cDNA synthesis kit (Thermo 

Fisher Scientific, Inc.). 

Real-time-PCR 

Real-Time PCR was performed using the Real Q 

Plus 2x Master Mix Green, without ROX 
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(AMPLIQON, Denmark) on Rotor-Gene 6000 HRM 

Real-Time PCR Thermocycler (Corbett Life Science, 

Australia). The specificity of the primers was 

theoretically tested by the BLAST database. The β-

actin gene was selected as the internal control. The 

relative expression levels were evaluated using the 2-

∆∆Ct formula. The sequences of all primers are 

available upon request. 

Statistical data analysis 

All data were presented as mean ± SE, and the 

statistical difference between each group was assessed 

by Student's t-test using SPSS version 24.0 (SPSS Inc., 

Chicago, USA). P < 0.05 was considered statistically 

significant as specified for the measurement. 

 

Results 

Expression of colorectal cancer 

stem cell markers 
In this research, we investigated the effects of 

PIWIL2 on CSCs markers expression in xenograft-

PIWIL2 compared to SW480-control cells. CD133 

gene expression level was significantly upregulated in 

PIWIL2-xenografts compared to SW480-control cells 

(Figure 1A; P=0.016). Many researchers reported 

CD133 as a poor prognostic CSCs marker (25). CD24, 

another important CSCs in CRC, was also significantly 

increased in PIWIL2-xenografts compared to SW480-

control cells (Figure 1B; P=0.016). SOX2 is a stem 

cell-related biomarker whose expression is associated 

with the maintenance of CSCs and poor prognosis in 

CRC. Our data demonstrated that PIWIL2 significantly 

upregulated the expression of SOX2 in the tumor 

xenografts, leading to the augmentation of the cancer 

stem cell state in the xenografted tumor cells (Figure 

1C; P=0.002). Indeed, we revealed in this study that 

PIWIL2 could promote the expression of stem cell-

specific biomarkers, including CD24, CD133, and 

SOX2, which are responsible for driving stemness 

features in tumor cells. 

Effects of PIWIL2 on cell cycle 

progression and apoptotic pathways   
Our results showed that STAT3 expression, as a key 

regulator of several different signaling pathways, 

significantly increased in the tumor tissues of PIWIL2-

xenografts (Figure 2A; P=0.01). BCL2-L1 protein is 

another key regulator of apoptosis involved in CRC 

tumor formation and progression. Our findings showed 

that the BCL2-L1 expression level in PIWIL2-

xenografts was significantly higher than that of the 

 
Figure 1. The relative expression level of CSCs markers in the tumor tissues of PIWIL2-xenografts and control cells, including 

CD133 (A), CD24 (B), and SOX2 (C). *P ≤ 0.05, **P ≤ 0.01. 
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control SW480 cells (Figure 2A; P=0.006). Cyclin 

D1, as a main cell cycle regulator gene, was also 

investigated in this research. Results showed that 

PIWIL2 statistically upregulated Cyclin D1 in the 

tumor tissues of PIWIL2-xenografts compared to 

control cells (Figure 2B; P=0.004). Significantly 

increased expression of Ki-67, as a specific 

proliferative biomarker, in PIWIL2-xenografts 

confirms the above findings that PIWIL2 induction of 

colorectal cancer is accomplished through cell cycle 

acceleration inhibiting apoptosis (Figure 2C; P=0.004) 

(26, 27). 

 

Discussion 

We previously demonstrated that PIWI2 is a key 

component for colorectal cancer stem cell generation, 

self-renewal, and maintenance (unpublished data). Our 

findings revealed that PIWIL2 modulated various 

signaling pathways that contributed to the stemness of 

colorectal cancer stem cells. Moreover, we have shown 

that CCSCs need to activate PIWIL2 to maintain self-

renewal and obtain pluripotency by upregulating the 

genes. In addition, our findings demonstrated 

that PIWIL2 was an essential director for promoting 

cellular proliferation while inhibiting apoptosis in CRC 

cells (24). PIWIL2 also induced the expression of the 

cell cycle regulator genes' expression, leading to the 

cell cycle's acceleration in vitro. In fact, PIWIL2 

 

Figure 2. The relative expression level of anti-apoptotic genes (A), cell cycle-related marker (B), and proliferative marker (C) in 

the tumor tissues of PIWIL2-xenografts and control cells. **P ≤ 0.01. 
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induces an invasive downstream cascade in CCSCs by 

regulating multiple signaling pathways that control the 

survival, proliferation, self-renewal, anti-apoptosis, and 

cell cycle in CCSCs. To confirm our previous in vitro 

experiments, we inoculated our previously established 

SW480 cells carrying expression vectors with or 

without PIWIL2 into BALB/c nude mice. We then 

analyzed the expression profile of the resulting 

xenografted tumors. In vivo results confirmed our 

previous findings that PIWIL2 promoted the expression 

of cancer stem cell markers, pluripotency markers, anti-

apoptotic pathways, cell cycle-related genes, and 

proliferation genes in the tumor tissues of PIWIL2-

xenografts. Our results supported the previous reports 

that the degree of PIWIL2 expression was higher in 

colorectal carcinomas and was significantly associated 

with poor prognosis (28). Following our findings, Li et 

al. found a significant correlation between PIWIL2 

expression and worse clinical and pathological 

characteristics, as well as poorer five-year metastasis-

free survival and overall survival in colon cancer (29). 

CSCs are mainly responsible for tumor initiation, 

recurrence, metastasis, and drug resistance. Findings 

from in vivo experiments in this study showed that 

PIWIL2 could induce cancer stem cell markers and 

pluripotency genes, such as CD133, CD24, and SOX2, 

to promote stemness features of CRC tumors. 

Consistent with our data demonstrating that PIWIL2 

can induce CSCs features, Shahali et al. established a 

cancer stem-like cell line by overexpressing PIWIL2 in 

the non-cancerous mouse embryonic fibroblasts with 

higher expression for stem cell markers of CD44 and 

CD133 (30). 

In contrast to our findings, however, their cancer 

stem cell line expressed a lower level of CD24 than 

control cells. In addition, another study found that 

PIWIL2-transfected fibroblasts expressed the 

pluripotency markers OCT-4, NANOG, SOX-2, KLF-

4, and C-MYC (31). Further, in this research, Cyclin 

D1 and Ki-67 expressions were significantly increased 

in the tumor tissues of PIWIL2-xenografts, 

demonstrating the highly proliferative features of these 

cells. Consistent with our findings, it has been reported 

that inhibiting Piwil2 reduces cancer cell proliferation 

and colony formation ability, increases apoptosis in 

SW620 and SW480 colon cancer cell lines, and inhibits 

tumor growth in vivo in colon cancer patients (29). In 

addition, it has been demonstrated that PIWIL2 

expression in breast cancers was associated with ER 

and Ki-67 and cancer development (32). PIWIL2 

mediated cell cycle progression by regulating various 

types of cell cycle-related genes. In non-small cell lung 

cancer (NSCLC), PIWIL2 regulated the progression of 

NSCLC cells by controlling CDK2 and Cyclin A (33). 

Lack of CDK2 and Cyclin A leads to apoptosis (34) 

which is another mechanism to regulate PIWIL2-

associated anti-apoptotic effects in different cancers. In 

colorectal cancer, we showed that PIWIL2 had anti-

apoptotic effects by upregulating STAT3 and Bcl2-L1 

both in vitro and in vivo. Similarly, in breast cancer 

cells, PIWIL2 silencing suppressed the expression of 

STAT3, a pivotal regulator of Bcl-X(L) and cyclin D1, 

whose downregulation reduced cell proliferation and 

survival (35).  

 

Conclusion 

Based upon our findings and previous research, we 

can conclude that PIWIL2 plays significant role in 

CRC development and thus has the potential to be an 

effective candidate for cancer-targeted therapy. 
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