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MicroRNAs (miRNAs) have emerged as essential gene expression regulators associated with 

human diseases such as colorectal cancer (CRC). The purpose of this study was to evaluate the 

expression of miR-330-3p and its target gene BMI1 in tissue samples of patients with CRC, polyp, 

and healthy adjacent tissue samples and their association with clinicopathological and 

demographic factors such as age, tumor stage, grade, and lymph node invasion of the tumor. 

Following the extraction of total RNA from approximately 50 mg of colon and rectum tissue of 

82 patients with CRC, 13 polypoid lesions, and 26 marginal healthy tissues using RiboEx reagent, 

cDNA synthesis was performed, and then quantitative real-time PCR was used to detect the 

expression levels of miR-330-3p and BMI1. Alterations in the gene expression were assessed 

using the 2(-∆∆ CT) method. The expression of miR-330-3p in all of the CRC samples was 

significantly lower than in adjacent healthy tissues and polyp (P<0.001). BMI1 was up-regulated 

in 97.9% of CRC tissue compared to healthy adjacent tissues and polyps (P<0.001). A negative 

reverse correlation between the miR-330-3p and BMI1 gene was observed in the CRC samples 

(r= -0.882, P<0.001). Down-regulation of miR-330-3p and BMI1 overexpression strongly 

correlates with higher tumor stage and lymph node invasion. The AUC for miR-330-3p and 

BMI1expression was 0.982 (sensitivity, 98.5%; specificity, 78.8%), and 0.971 (sensitivity, 

97.6%; specificity, 84.6%) (P<0.001), respectively. Our results indicated that miR-330-3p and 

BMI1 expression probably could be considered potential diagnostic or prognostic biomarkers for 

CRC patient. 
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Introduction 

Colorectal cancer (CRC) is the third most common cancer and the fourth leading cause of cancer-

related deaths in the world. According to the multistage genetic model of colorectal carcinogenesis, in the 

process of malignancy, adenomatous polyposis coli (APC)inactivation, and Kirsten rat sarcoma virus 

(KRAS)oncogenic mutations occur as the initial events in the adenomatous stage, followed by, deletion of 

chromosome (Chr) 18q, and inactivation of the tumor suppressor gene TP53 on chromosome 17q [1]. 

MicroRNAs (miRNAs) are endogenous small (19–25nt) single-strand non-coding RNAs that modulate the 

expression of target genes through messenger RNAs (mRNAs) decay or translation repression. Mounting 

evidence shows miRNA dysregulation is associated with CRC carcinogenesis, consequently leading to the 

down-regulation of tumor suppressors or up-regulation of oncogenes [2]. A well-known oncogene involved 

in various types of cancer is BMI1, a member of the polycomb group (PcG) proteins. BMI1 can 

transcriptionally repress Ink4a/Arf (CDKN2a) locus which encodes p16 (Ink4a) and p14 (Arf) tumor 

suppressors. Moreover, BMI1 as a downstream mediator; participates in oncogenic signalings such as Wnt, 

and Akt/NF-kB pathways [3]. BMI1 up-regulation is correlated with chemoresistance, metastasis, and cancer 

stem cell survival [4]. BMI1 is overexpressed in invasive ductal breast adenocarcinomas, pancreatic cancer, 

esophageal squamous cell carcinoma, gastric cancer, and CRC [5-9], and is reported as an independent 

prognostic marker with distant metastasis, tumor invasion, stage, and lymph node involvement [5]. 

Previously, by bioinformatics analysis, we showed that BMI1 is an optimum predicted target of miR-330-3p 

in CRC [10]. At the same time, Zheng et al by dual-luciferase reporter assay and real-time PCR showed 

suppression of BMI1 by miR-330-3p; furthermore, they demonstrated an increased level of miR-330-3p is 

related to good prognosis in osteosarcoma [11].On the other hand, the tumor suppressive role of miR-330-

3p has been revealed in osteosarcoma, prostate cancer, gastric cancer, and CRC [11-14]. In another study, 

miR-330-3p downregulation in CRC tumor tissues compared to the healthy tissues reflected a poor prognosis 

in CRC [15]. MiR-330-3p by negative regulation of cell division control protein 42 homolog 

(Cdc42)suppressed CRC cell proliferation, and induced cell cycle arrest in CRC cell lines [14]. Hence, this 

research aimed to investigate the miR-330-3p and BMI1 expression in CRC, polypoid adenomatous lesions, 

and normal tissues, simultaneously, and their association with clinicopathological features of CRC patients. 

Materials and methods 

Clinical samples 

The colon and rectum tissue of 82 patients with CRC, 13 polypoid lesions, and 26 marginal healthy 

tissues were included in the present study (Table 1). All samples were collected from Bouali Hospital 

(Hamadan, Iran), and Shahid Beheshti Hospital (Hamadan, Iran) from August 2018 to October 2019. Further, 

all tumoral, marginal healthy (distance to CRC tissues> 5 cm), and polypoid tissues were collected from CRC 

patients who underwent elective surgery and colonoscopy procedure of suspected patients, respectively. 

Patients who had not received radiotherapy, chemotherapy, and adjuvant therapy before surgery were 

included in the study [16]. Also, inclusion criteria for the polypoid group were no history of malignancy and 

inflammatory bowel disease. All samples were frozen at −80 °C until subsequent tests. The relevant written 

informed consent signed by all participants, including CRC patients, and polypous affected individuals. The 
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ethical approval of the present study was obtained from the Ethics Committee of Hamadan University of 

Medical Sciences, Hamadan, Iran (IR.UMSHA.REC.1397.1042). 

 

Table 1. Clinicopathological features of CRC patients and patients with the intestinal polyp. 

Characteristics Healthy adjacent Adenomatous Polyps CRC 

Age 

≤50 

>50 

- 

23 

3 

- 

10 

3 

- 

61 

21 

Gender 

Male 

Female 

-  

16 

10 

- 

8 

5 

- 

52 

30 

Region 

Rural 

Urban 

- 

4 

22 

- 

5 

8 

- 

24 

58 

Smoking 

No 

Yes 

- 

13 

13 

- 

10 

3 

- 

37 

45 

TNM staging 

I/II 

III/IV 

- 

- 

- 

- 

- 

- 

- 

39 

43 

Grade 

I/II 

III/IV 

- 

- 

- 

- 

- 

- 

- 

76 

6 

Lymph node invasion 

Negative 

Positive 

- 

- 

- 

- 

- 

- 

- 

17 

65 

Tumor size (cm) 

≤5 

>5 

- 

- 

- 

- 

- 

- 

- 

4 

78 

OB test 

Positive 

Negative 

- 

- 

- 

- 

6 

7 

- 

70 

12 

mRNA extraction 

Total RNA including mRNA and miRNAs was isolated from approximately 50mg dissected tissue 

samples using RiboEx reagent (Pishgam, Co, Iran) according to the manufacturer's protocol.  In brief, tissue 

samples were homogenized in 1 mL RiboEx reagent, and then 0.2 mL of chloroform was added. The samples 

were centrifuged at 12,000×g for 15 min at 4 °C. RNA-containing upper aqueous phase precipitated with 0.5 

mL isopropanol. The RNA pellet was washed with 75% ethanol and subsequently dissolved in RNase-free 

water (DEPCE water). RNA concentration and purity were determined by a Nano-Drop spectrophotometer 

(Bio-Tek, USA). Integrity and quality of the RNAs were assessed using %1 agarose gel electrophoresis 

stained with SYBR Safe dye (Invitrogen, USA). The extracted RNAs were stored at -80 ºC. 
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cDNA synthesis 

cDNA was synthesized by applying the SMOBio kit (Pishgam Co., Iran) in two main steps. In the first 

step, an appropriate amount of RNA was incubated with deoxyribonucleotide triphosphate (dNTP), Random 

Hexamer, and DEPC-treated water at 70 ºC for 5 min. In the second step, RNase- free water was mixed with 

5× buffer, reverse transcriptase enzyme, and RNase inhibitor. Then, the final mixture was incubated in a 

thermal cycler at 25 ºC for 10 min, 42 ºC for 50 min, followed by 85 ºC for 5s. miRNA was reversely 

transcribed to cDNA through a specific stem-loop reverse transcription primer method using a miRNA cDNA 

synthesis kit (BiomiR high sensitivity microRNA kit, Anacell, Tehran, Iran) according to the manufacturer’s 

protocol. 

Quantitative real-time (qRT) PCR 

qRT‐PCR was performed to investigate the expression alterations of the miR-330-3p using BiomiR high 

sensitivity microRNA kit (Anacell, Tehran, Iran) according to the manufacturer’s instructions with a 

LightCycler 480 system (Roche Applied Science). 18s rRNA and RNU6B (U6) were used to normalize the 

quantitative data of BMI1 and miR-330-3p, respectively. The specific primer sequences, were as follow: 

BMI1 forward (5′ CATCCACAGTTTCCTCACATTTC-3′); reverse (5′GAAGTTGCTGATGACCCATTT 

AC-3′); 18s rRNA forward (5′- GTAACCCGTTGAACCCCATT-3′) and reverse 5′- CCATCCAATC 

GGTAGTAGCG-3′) [17, 18]. 

PCR amplification reactions for BMI1 were consequently applied under the following conditions: 15 min 

at 95 °C, 20 sec at 95 °C, 30 sec at annealing temperatures, and 30 sec at 72 °C. For quantitative miRNA 

expression analysis, after cDNA synthesis, PCR was run under the following conditions: 95 °C for 5 min, 40 

cycles of 95 °C for 10 sec, 60 °C for 45 sec, and 70°C. All no template controls were negative. The 2-ΔΔCT 

method was applied to analyze qRT‐PCR data [19]. Two replicates of each biologic sample were included in 

the qRT-PCR. 

Statistical analysis 

Data analysis was done using the SPSS16.0 software. All data were expressed as mean±SD.  

Kolmogorov–Smirnov test was used to normality of data before the parametric test. Data were compared by 

one-way ANOVA, t-test, and Mann-Whitney. A p- value less than 0.05 (P <0.05) was considered statistically 

significant. The Pearson correlation coefficient was applied to investigate the relationship between miR-330-

3p and its target. 

Results 

miR-330-3p and BMI1 expression in CRC, Adenomatous Polyps, and adjacent normal non-neoplastic 

tissues 

There was significantly higher BMI1 expression in 97.9% of the CRC samples compared to 

adenomatous polyps and normal marginal tissues (P<0.001). In 100% of the CRC samples, there was 

decreased expression of the miR-330-3p gene in comparison to adenomatous polyps and normal marginal 

tissues (P<0.001). MiR-330-3p and BMI1 expression were not significantly different in adenomatous polyps 

and normal marginal samples (P>0.05). In comparison to the healthy adjacent group, the miR-330-3p 

expression in CRC and polyp groups were down regulated 0.32 and 0.28 fold, respectively. Compared to the 
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healthy control group, the BMI1 expression in CRC and polyp samples was upregulated 3.92 and 2.62 fold, 

respectively. (Tables 2-3, Figure 1) 
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Fig.1. The relative expression of BMI1 and miR-330-3p in different colorectal tissue samples. miR-330-3p was significantly 

decreased in CRC tissues compared with adjacent normal tissues as well as adenomatous Polyps (**P<0.001), (A). BMI1 was 

significantly overexpressed in CRC tissues compared with adjacent normal and adenomatous Polyps tissues (**P<0.001) (B). (Data 

are illustrated as mean ± SD). 

Table 2. ΔCT values (Mean ± SD*) in different colorectal tissue samples. 

P-Value 

(ANOVA) 

Healthy 

adjacent 

Adenomatous 

Polyps 

CRC  

Variables  

P-Value Number   Mean    SD Number   Mean    SD Number   Mean    SD 

>0.001 26            8.67    0.98 13            8.25      0.14 82            6.85      2.69 BMI1 

>0.001 26            9.95    0.09 13           10.21     0.06 82            12.01    0.22 miR-330 

*SD: standard deviation 

Table 3. ∆∆CT difference (Mean ± SD*) and relative quantification (fold change) between studied groups. 

miR-330-3p BMI1 Gene 

 

Groups 
p. value 

 

Fold 

change  

∆∆CT 

difference 

p. value 

 

Fold 

change  

∆∆CT 

difference 

<0.001 0.32 

 

2.05 ± 0.24 <0.001 3.92 -1.82 ± 0.23 CRC vs. 

Healthy 

adjacent 

<0.001 0.28 1.79 ±0.32 <0.001 2.62 -1.39 ±0.31 CRC vs. 

Polyps 

0.052 0.86 0.25 ±0.36 0.965 1.21 -0.42 ± 0.35 Polyp vs. 

adjacent 

*SD: standard deviation 
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MiR-330-3p significantly decreased in CRC tissues compared with adjacent normal tissues as well as 

adenomatous Polyps (**P<0.001), (A). BMI1 was significantly overexpressed in CRC tissues compared with 

adjacent normal and adenomatous Polyps tissues (**P<0.001) (B). (Data are illustrated as mean ± SD.) 

Relationship between expression of miR-330-3p/BMI1 and clinicopathological features  

According to the results, a significant higher expression of BMI1 was observed in patients at high stages 

compared with low stages samples (P<0.001). There was no obvious correlation between miR-330-3p /BMI1 

expression and age, gender, tumor grade, and tumor size (P>0.05). Although there was no relationship 

between smoking and BMI1 expression, significant down regulation of miR-330-3p was obtained in smoker 

patients (P= 0.04) (Table 4). 

Table 4. Associations between age, gender, smoking, TNM staging, tumor grade, lymph node invasion 

and tumor size, and fold change of BMI1 and miR-330-3p in CRC patients. 

Variables  Number BMI1 

Mean ± SD 

P. value miR-330-3p 

Mean ± SD* 

P. value 

 

Age 

≤50 

>50 

- 

61 

21 

- 

4.39 ± 2.93 

2.78 ± 1.17 

- 

0.12 

 

- 

0.31 ± 0.24 

0.33 ± 0.12 

- 

0.238 

Gender 

Male 

Female 

- 

52 

30 

- 

3.90 ± 2.55 

4.11 ± 2.93 

- 

0.62 

 

- 

0.31 ± 0.22 

0.33 ± 0.21 

- 

0.61 

Smoking 

No 

Yes 

- 

37 

45 

- 

3.51 ± 2.51 

4.36 ± 2.78 

- 

0.19 

 

- 

0.37 ± 0.23 

0.27 ± 0.20 

- 

0.04 

TNM staging 

Low(I/II( 

High(III/IV) 

- 

39 

43 

- 

1.84 ± 0.47 

5.92 ± 2.35 

- 

0.001 

 

- 

0.52 ± 0.15 

0.13 ± 0.04 

- 

0.001 

Grade 

I/II 

III/IV 

- 

76 

6 

- 

3.82 ± 2.52 

6.01 ± 3.91 

- 

0.08 

 

- 

0.33 ± 0.22 

0.15 ± 0.06 

- 

0.09 

Lymph node 

invasion 

Negative 

Positive 

- 

- 

17 

65 

- 

- 

1.81 ± 0.27 

4.54 ± 2.74 

- 

- 

0.001 

 

- 

- 

0.59 ± 0.17 

0.25 ± 0.17 

- 

- 

0.001 

Tumor size (cm) 

≤5 

>5 

- 

4 

78 

- 

2.39 ± 1.34 

4.06 ± 2.71 

- 

0.16 

 

- 

0.46 ± 0.17 

0.31 ± 0.22 

- 

- 

0.11 

OB** test 

Positive 

Negative 

- 

70 

12 

- 

4.23 ± 2.76 

2.52 ± 1.49 

- 

- 

0.080 

- 

0.30 ± 0.21 

0.42 ± 0.22 

- 

- 

0.018 

*SD: standard deviation; **OB: Occult Blood 
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Correlation between expressions of the miR-330-3p and BMI1 

A negative reverse correlation between the miR-330-3p and BMI1 gene was indicated in the CRC 

samples (r:-0.882, P<0.001) (Figure 2) in Pearson correlation coefficient analysis (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2. Pearson correlation scatter plot of miR-330-3p and BMI1 expression in CRC.  

MiR-330-3p and BMI1 as potential biomarkers for CRC diagnosis  

Receiver operating characteristic (ROC) curves and area under the curve (AUC) were developed to 

evaluate the specificity and sensitivity of miR-330-3p and BMI1 expression for CRC diagnosis. The AUC 

for miR-330-3p expression was 0.982 (Youden index: 0.774; sensitivity, 98.5%; specificity, 78.8%), and that 

for BMI1 was 0.971 (Youden index: 0.821; sensitivity, 97.6%; specificity, 84.6%) which indicated excellent 

diagnostic accuracy to differentiate CRC patients from healthy controls (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. ROC curve analysis of miR-330-3p and BMI1 levels in CRC. 
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Discussion 

CRC is the fourth leading cause of cancer mortality in the world. Identification of dysregulated signaling 

pathways mediators could be useful in CRC management. Colorectal tumorigenesis initiates with the 

transformation of the normal colorectal epithelium into a benign adenoma, and then develops with the gradual 

accumulation of multiple genetic and epigenetic abnormalities, leading to cancer invasion and metastasis 

[20]. Hence, it is imperative to explore novel biomarkers associated with early diagnosis of CRC. MiRNAs 

have emerged as crucial epigenetic regulators in the proliferation of cancer cells, migration, invasion, 

angiogenesis, maintenance of tissue homeostasis, and resistance to chemo or radiotherapy in various types 

of human cancers, including CRC [21, 22]. In addition, many studies have shown that miRNA dysregulation 

in the tissues and biological fluids of cancer patients has remarkably associated with CRC diagnosis, 

prognosis, and response to therapy [23, 24]. This study evaluated the association between tissue expression 

of miR-330-3p and BMI1 and clinic-pathological characteristics of CRC including tumor stage, size, grade, 

and lymph node invasiveness. In the present study, it has been demonstrated that miR-330-3p is abnormally 

down-regulated in CRC, which may be noticed as a potential biomarker in CRC detection. Although miR-

330-3p exerts an oncogenic role depending on the type of cancer [25], the tumor suppressive role of miR-

330-3p has been revealed in various types of cancer. It has been shown that decreased expression of miR-

330-3p in glioma tissues and cell lines compared to normal. miR-330-3p by targeting CELF1 could suppress 

the proliferation and migration of glioma cells [26]. MiR-330-3p induction could negatively regulate HMG2 

expression and induced apoptosis in HCT116 and SW480 cells. Furthermore, miR-330-3p suppressed CRC 

cells viability, migration and EMT via reducing   EMT‐related proteins (Snail‐1 and VEGFR), and increasing 

E-cadherin expression[27] . Shirjang et al. have shown miR-330-3p reduction in CRC tissue compared to 

healthy colorectal tissue, which was associated with poor survival. Moreover, they indicated that miR-330-

3p inhibited CRC cell lines proliferation by targeting BACH1 which led to the inhibition of epithelial–

mesenchymal transition (EMT) [15]. In another research, Huang et al. showed down-regulation of miR-330-

3p in CRC tissue [28]. They demonstrated a negative correlation between miR-330-3p and Profilin 1 (PFN1) 

as a target gene in CRC. They showed that miR-330-3p suppression negatively regulated CRC cells' 

apoptosis, proliferation, migration, and invasion. In our study, we showed that miR-330-3p down-regulated 

significantly in CRC tissue compared to normal marginal tissue, which confirmed the expression pattern of 

this miRNA in CRC according to other studies. Although miR-330-3p expression was reduced in polypoid 

adenomatous lesions compared to corresponding healthy tissue, this reduction was not significant. It might 

indicate the possible role of this tumor suppressor gene in the initiation of the tumorigenesis process. It may 

be attributed to a stepwise transformation from normal to carcinoma. Also, healthy cells surrounding the 

tumor mass may show molecular changes such as dysregulation of oncogenes and tumor suppressor genes, 

so it is better to consider the tissue biopsy of suspected patients who are reported healthy pathologically in 

the design of such studies. 

It seems that due to the intercellular communication between the tumor mass and its surrounding 

microenvironment, the adjacent tissue was also affected by genetic and epigenetic alterations within the 

tumor or polyp cells, and this phenomenon may have led to the lack of significant changes between the polyp 

and the adjacent tissue [29]. 
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miRNAs act on many genes and regulate their target genes at the post-transcriptional level [30]. BMI1 

is one of the well-known oncogenes in cancer, especially CRC, which could negatively repress the Ink4a/Arf 

gene locus. It has been reported that BMI1 inhibition could induce cancer cell apoptosis and decreased the 

number of cancer stem cells in human renal and cervical carcinoma [31]. Elevated BMI1expression is 

robustly associated with cancer stem cell maintenance and self-renewal, which lead to tumor recurrence, 

metastasis, and chemoresistance [32-34]. An experimental study revealed the regulation of BMI1 expression 

by miR-330-3p in osteosarcoma. The authors showed miR-330-3p decreased in osteosarcoma tissue and cell 

lines and, by targeting BMI1, declined tumor progression [11]. We identified for the first time the correlation 

between miR-330-3p and BMI1 in CRC at the level of gene expression, too.Overexpression of BMI1 was 

correlated to lower survival rates of CRC patients and clinicopathological characteristics such as TNM stage 

and tumor grade [35]. In our study, we showed that BMI1 expression increased significantly in CRC tissue 

compared to healthy adjacent tissue which was consistent with previous studies [36, 37]. On the other hand, 

increased BMI1in intestinal polyps was not meaningful compared to healthy tissue. It could indicate the 

gradual development of the adenomatous polyp as the premalignant lesion towards malignancy. The main 

limitation of our study is that we could not assess protein and mRNA expression simultaneously therefore, 

we cannot express higher expression of BMI1 protein exactly.  

We found higher BMI1 and lower miR-330-3p expression were correlated with advanced stage and 

lymph node metastasis. Down-regulation of the tumor suppressor genes and overexpression of oncogenes in 

higher tumor stages compared to lower stages have been shown in various studies. Liu et al. showed that 

miR-937 as an oncomiRNA increased in the higher stage of colon cancer tissue and promoted tumor cell 

proliferation and invasion [38]. Lymph node involvement is strongly related to tumor recurrence and poor 

prognosis [39]; therefore, evaluation of BMI1 and miR-330-3p expression would be valuable in predicting 

recurrence, patients’ survival, and determining suitable antisense treatment options. MiR-330-3p and BMI1 

did not show significant changes between tumor margin and polyp. To the best of our knowledge, no study 

has been performed to evaluate miR-330-3p and BMI1 expression in the intestinal polyps and CRC, 

Simultaneously, the statistical significance of the results between polyp and healthy tissues may influence by 

the increase in the number of samples.  

The expression of miR-330-3p in smokers showed a notably lower expression than in non-smokers. 

Many studies have reported changes in the expression of key genes, including miRNAs, due to cigarette 

smoke carcinogens [40, 41]. 

 Although the fecal occult blood (FOBT) test was reported positive in most cancer patients (85.4%), 

FOBT and serum carcinoembryonic antigen (CEA) markers have limited sensitivity and specificity [42]. Due 

to high sensitivity and specificity in CRC diagnosis, the excellent ability of miR-330-3p/BMI1 dual markers 

(sensitivity, 98.5%, and 97.6%; specificity, 78.8%, 84.6%, respectively) to discriminate between tumoral and 

healthy samples could improve cancer management. It seems that at least by combining the studied biomarker 

panel along with FOBT and CEA, it may be possible to increase the sensitivity and specificity in 

distinguishing between CRC patients and healthy individuals. In conclusion, our study represents a negative 

correlation between miR-330-3p and BMI1, which might suggest a novel dual panel diagnostic biomarker 

with high specificity and sensitivity in CRC. 



343                                                        miR-330-3p and BMI1 in colorectal cancer, and polypoid adenomatous lesions/ Basiri P, et al 

International Journal of Molecular and Cellular Medicine. 2022; 11(4): 334-345 

Acknowledgments  

The current study was the Ph.D. thesis of P. Basiri in molecular medicine, which was funded by the 

Vice-Chancellery for Research and Technology, Hamadan University of Medical Sciences (No. 98022416-

22). The authors would like to thank Dr. S. Mahmoudi, Dr. H. Hamid, and Dr.B. Afshar for their assistance 

in sample collection. 

References 

1. Malki A, ElRuz RA, Gupta I, et al. Molecular Mechanisms of Colon Cancer Progression and Metastasis: Recent Insights and 

Advancements. Int J Mol Sci 2020;22. 

2. Soheilifar MH, Grusch M, Neghab HK, et al. Angioregulatory microRNAs in Colorectal Cancer. Cancers (Basel) 2019;12. 

3. Soheilifar MH, Moshtaghian A, Maadi H, et al. BMI1 roles in cancer stem cells and its association with microRNAs dysregulation 

in cancer: Emphasis on colorectal cancer. Int J Cancer Manag 2018;11. 

4. Siddique HR, Saleem M. Role of BMI1, a stem cell factor, in cancer recurrence and chemoresistance: preclinical and clinical 

evidences. Stem Cells 2012;30:372-8. 

5. Li DW, Tang HM, Fan JW, et al. Expression level of Bmi-1 oncoprotein is associated with progression and prognosis in colon 

cancer. J Cancer Res Clin Oncol 2010;136:997-1006. 

6. Liu WL, Guo XZ, Zhang LJ, et al. Prognostic relevance of Bmi-1 expression and autoantibodies in esophageal squamous cell 

carcinoma. BMC Cancer 2010;10:467. 

7. Zhang XW, Sheng YP, Li Q, et al. BMI1 and Mel-18 oppositely regulate carcinogenesis and progression of gastric cancer. Mol 

Cancer 2010;9:40. 

8. Song W, Tao K, Li H, et al. Bmi-1 is related to proliferation, survival and poor prognosis in pancreatic cancer. Cancer Sci 

2010;101:1754-60. 

9. Paranjape AN, Balaji SA, Mandal T, et al. Bmi1 regulates self-renewal and epithelial to mesenchymal transition in breast cancer 

cells through Nanog. BMC Cancer 2014;14:785. 

10. Soheilifar MH, Moshtaghian A, Amini R, et al. BMI1 as a Potential Target of miR-330-3p in Colorectal Cancer. Middle East j 

rehabil health 2018;5. 

11. Zheng Z, Bao F, Chen X, et al. MicroRNA-330-3p Expression Indicates Good Prognosis and Suppresses Cell Proliferation by 

Targeting Bmi-1 in Osteosarcoma. Cell Physiol Biochem 2018;46:442-50. 

12. Guan A, Wang H, Li X, et al. MiR-330-3p inhibits gastric cancer progression through targeting MSI1. Am J Transl Res 

2016;8:4802-11. 

13. Lee KH, Chen YL, Yeh SD, et al. MicroRNA-330 acts as tumor suppressor and induces apoptosis of prostate cancer cells through 

E2F1-mediated suppression of Akt phosphorylation. Oncogene 2009;28:3360-70. 

14. Proctor E, Waghray M, Lee CJ, et al. Bmi1 enhances tumorigenicity and cancer stem cell function in pancreatic adenocarcinoma. 

PLoS One 2013;8:e55820. 

15. Shirjang S, Mansoori B, Mohammadi A, et al. miR-330 Regulates Colorectal Cancer Oncogenesis by Targeting BACH1. Adv 

Pharm Bull 2020;10:444-51. 

16. Ali Akbar-Esfahani S, Karimipoor M, Bahreini F, et al. Diagnostic Value of Plasma Long Non-coding RNA HOTTIP as a Non-

invasive Biomarker for Colorectal Cancer (A Case- Control Study). Int J Mol Cell Med 2019;8:240-7. 



miR-330-3p and BMI1 in colorectal cancer, and polypoid adenomatous lesions/ Basiri P, et al                                                        344 

International Journal of Molecular and Cellular Medicine. 2022; 11(4): 334-345 

17. Hosseini S, Saidijam M, Eslami H, et al. Clinical significance of BRAF and ZEB2 expressions in healthy adjacent tissue of 

bladder cancer. Middle East J Cancer 2019;10:87-94. 

18. Mohammadi Y, Tavangar SM, Saidijam M, et al. DCLK1 plays an important role in colorectal cancer tumorgenesis through the 

regulation of miR-200c. Biomed Pharmacother 2018;103:301-7. 

19. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta 

C(T)) Method. Methods 2001;25:402-8. 

20. Nguyen HT, Duong HQ. The molecular characteristics of colorectal cancer: Implications for diagnosis and therapy. Oncol Lett 

2018;16:9-18. 

21. Samadi P, Afshar S, Amini R, et al. Let-7e enhances the radiosensitivity of colorectal cancer cells by directly targeting insulin-

like growth factor 1 receptor. J Cell Physiol 2019;234:10718-25. 

22. Soheilifar MH, Pornour M, Saidijam M, et al. miR-1290 contributes to oncogenesis and angiogenesis via targeting of THBS1, 

DKK3 and, SCAI. Bioimpacts 2022;12:349-58. 

23. Asefi M, Saidijam M, Rezvani N, et al. A novel epigenetic biomarker, plasma miR-138-5p gene promoter-methylated DNA, for 

colorectal cancer diagnosis. Per Med 2022;19:315-25. 

24. Wu X, Cui X, Yue C, et al. Expression of miR-92a in colon cancer tissues and its correlation with clinicopathologic features and 

prognosis. Am J Transl Res 2021;13:9627-32. 

25. Liu X, Shi H, Liu B, et al. miR-330-3p controls cell proliferation by targeting early growth response 2 in non-small-cell lung 

cancer. Acta Biochim Biophys Sin (Shanghai) 2015;47:431-40. 

26. Wang H, Liu G, Li T, et al. MiR-330-3p functions as a tumor suppressor that regulates glioma cell proliferation and migration 

by targeting CELF1. Arch Med Sci 2020;16:1166-75. 

27. Mansoori B, Mohammadi A, Naghizadeh S, et al. miR-330 suppresses EMT and induces apoptosis by downregulating HMGA2 

in human colorectal cancer. J Cell Physiol 2020;235:920-31. 

28. Huang Y, Sun H, Ma X, et al. HLA-F-AS1/miR-330-3p/PFN1 axis promotes colorectal cancer progression. Life Sci 

2020;254:117180. 

29. Aran D, Camarda R, Odegaard J, et al. Comprehensive analysis of normal adjacent to tumor transcriptomes. Nat Commun 

2017;8:1077. 

30. Soheilifar MH, Izadi F, Amini R, et al. Co-regulatory Network of Transcription Factors and miRNAs in Colorectal Cancer 

Pathogenesis. Iran J Med Sci 2020;45:395-6. 

31. Wu K, Woo SM, Seo SU, et al. Inhibition of BMI-1 Induces Apoptosis through Downregulation of DUB3-Mediated Mcl-1 

Stabilization. Int J Mol Sci 2021;22. 

32. Zhang Z, Bu X, Chen H, et al. Bmi-1 promotes the invasion and migration of colon cancer stem cells through the downregulation 

of E-cadherin. Int J Mol Med 2016;38:1199-207. 

33. Wang J, Xing Y, Wang Y, et al. A novel BMI-1 inhibitor QW24 for the treatment of stem-like colorectal cancer. J Exp Clin 

Cancer Res 2019;38:422. 

34. Kreso A, van Galen P, Pedley NM, et al. Self-renewal as a therapeutic target in human colorectal cancer. Nat Med 2014; 

20:29-36. 

35. Du J, Li Y, Li J, et al. Polycomb group protein Bmi1 expression in colon cancers predicts the survival. Med Oncol 2010;27: 

1273-6. 



345                                                        miR-330-3p and BMI1 in colorectal cancer, and polypoid adenomatous lesions/ Basiri P, et al 

International Journal of Molecular and Cellular Medicine. 2022; 11(4): 334-345 

36. Gao F, Huang W, Zhang Y, et al. Hes1 promotes cell proliferation and migration by activating Bmi-1 and PTEN/Akt/GSK3beta 

pathway in human colon cancer. Oncotarget 2015;6:38667-80. 

37. Alajez NM. Significance of BMI1 and FSCN1 expression in colorectal cancer. Saudi J Gastroenterol 2016;22:288-93. 

38. Liu H, Ma L, Wang L, et al. MicroRNA-937 is overexpressed and predicts poor prognosis in patients with colon cancer. Diagn 

Pathol 2019;14:136. 

39. Dumont F, Munoz MA, De Franco V, et al. Significance of lymph node involvement in local recurrence of colorectal cancer. J 

Surg Oncol 2019;120:722-8. 

40. Fujii T, Shimada K, Nakai T, et al. MicroRNAs in Smoking-Related Carcinogenesis: Biomarkers, Functions, and Therapy. J Clin 

Med 2018;7. 

41. Chien CY, Chen YC, Lee CH, et al. Dysregulation of the miR-30a/BiP axis by cigarette smoking accelerates oral cancer 

progression. Cancer Cell Int 2021;21:578. 

42. Li X, Chen R, Li Z, et al. Diagnostic Value of Combining miRNAs, CEA Measurement and the FOBT in Colorectal Cancer 

Screening. Cancer Manag Res 2020;12:2549-57. 

 


