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Abstract 

Background: Colorectal cancer (CRC) is the second most common cause of cancer-related deaths 

worldwide. Early detection is crucial for improving survival rates. Liquid biopsies, specifically 

analyzing circulating tumor-educated platelets (TEPs), have emerged as a promising tool for early CRC 

detection and monitoring treatment efficacy. This study investigated the expression levels of two 

specific circRNAs, hsa_circ_0004771 and hsa_circ_0019120, in the platelets of patients with CRC, 

advanced polyps, and healthy controls. 

Methods: Blood samples were obtained from 25 individuals with CRC, 25 individuals with advanced 

polyps, and 25 healthy controls. Platelet-derived total RNA was extracted, and expression analysis was 

conducted using reverse transcription quantitative PCR (RT-qPCR). Differential expression and 

receiver operating characteristic (ROC) curve analysis were performed using GraphPad Prism. 

Results: Both circRNAs were found to be upregulated in platelets from individuals with advanced 

polyps and CRC compared to healthy individuals. However, the upregulation was statistically 

significant only for hsa_circ_0004771 in CRC patients (p-value = 0.0036) and for hsa_circ_0019120 in 

both advanced polyp (p-value = 0.0175) and CRC patients (p-value = 0.0356). The combined analysis 

of both circRNAs achieved an area under the curve (AUC) of 0.8348 (95% CI: 0.7131 to 0.9565) with 

a sensitivity of 84% and specificity of 80% (p-value = 0.0002).  

Conclusions: This study showed that hsa_circ_0004771 and hsa_circ_0019120 dysregulated in both 

CRC and polyps and have potential as a novel diagnostic biomarker of CRC. 
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Introduction 
Despite improvements in detection and 

treatment approaches, colorectal cancer 

(CRC) remains the second most fatal cancer 

and the third most prevalent malignant tumor 

globally among both men and women (1, 2). 

Survival rates for CRC are greatly influenced 

by early identification, varying from a 90% 

five-year survival rate in stage I disease to just 

10% in stage IV disease (3). At the advanced  

 

 

stage, surgical intervention is often 

impractical, leading to restricted treatment 

options and adversely affecting the prognosis 

of the patient (4, 5). Given the protracted 

transition from precancerous lesions 

(adenomas) to malignant formations (6), there 

is a window for early detection through 

screening (7). Timely identification of CRC 

facilitates effective treatment, and proactive 
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screening efforts play a crucial role in 

reducing its occurrence. 

In the current landscape of cancer 

screening, diagnosis, and treatment 

monitoring, liquid biopsy has emerged as a 

prominent area of interest (8-10). The 

utilization of circulating tumor-educated 

platelets (TEPs) in liquid biopsy has emerged 

as a valuable tool for early cancer detection 

and assessing treatment efficacy. TEPs offer 

distinct advantages over other blood-based 

resources due to their abundance, ease of 

isolation, and responsiveness to external 

signals through RNA processing (11). The 

significance of TEPs has been evaluated across 

various cancer types, including non-small cell 

lung cancer (NSCLC) (12, 13), colorectal 

cancer, breast cancer(14), liver cancer(15, 16), 

glioma (17), and gastroenteropancreatic 

neuroendocrine tumors (18). While previous 

studies on platelets of CRC patients have 

predominantly focused on mRNA expression 

analysis, it is notable that platelets also harbor 

a diverse array of non-coding RNA molecules, 

including long noncoding RNAs (lncRNA), 

circular RNAs (circRNA), microRNAs 

(miRNA), and mitochondrial DNA, all of 

which hold potential as valuable biomarkers 

(19). 

Circular RNAs, characterized by their 

closed-loop structure lacking free 5′ and 3′ 

ends, exhibit exceptional stability compared to 

linear RNAs, even in the bloodstream 

(20).Their prolonged half-life and prevalence 

in human cells suggest that circRNAs could 

offer enhanced analytical validity as 

biomarkers (21-23). Despite the abundance of 

circRNAs in human platelets, there is a lack of 

studies exploring their potential as biomarkers 

in platelet samples from cancer patients. 

Previous research suggested 

hsa_circ_0004771(24-26) and 

hsa_circ_0019120 (27) as potential blood-

based tumor biomarkers. In this study, we 

evaluate the expression levels of these 

circRNAs originating from platelets of patients 

with CRC and advanced polyps to explore 

their capability to distinguish between 

colorectal cancer, advanced polyps, and 

individuals without any specific 

gastrointestinal issues.  

Materials and Methods 
Sample collection and study population 

This study received approval from the medical 

ethics committee at Baqiyatallah University of 

Medical Sciences, and all participants provided 

informed consent for the collection and analysis 

of their blood samples. The study included 25 

patients with colorectal cancer (stage III and 

IV), 25 individuals with advanced polyps 

(defined as size ≥10 mm or the presence of 

more than 3 polyps) (28), and 25 healthy 

controls who were recruited from 

Baghiyyatollah Hospital. Blood samples were 

collected prior to any treatment or surgery. The 

diagnoses of cancer were confirmed through 

colonoscopy and pathology, while healthy 

individuals had negative colonoscopy reports. 

Participants with no familial history of cancer 

were included, and blood samples were 

obtained using EDTA-coated tubes for 

collection. 

Sample Processing 
The blood samples underwent centrifugation at 

120× g for 20 minutes to separate platelet-rich 

plasma (PRP) from nucleated blood cells. The 

PRP was then centrifuged at 360× g for 20 

minutes to gather the platelets. These 

centrifugation processes were conducted at 

room temperature. The resulting platelet pellets, 

approximately 250 µl in volume, were 

combined with 750 µl of YTzol Pure RNA 

reagent (YTA, Iran), vortexed, and allowed to 

incubate for 5 minutes at room temperature, 

before being stored at -80 °C. 

RNA Isolation 

Total RNA isolation was performed according 

to the YTzol Pure RNA reagent (YTA, Iran) 

protocol. Briefly, 200 µl of chloroform was 

added to lysed Platelets and incubated on ice for 

10 minutes. Precipitation and washing were 

done with isopropanol and 75% ethanol, 

respectively. RNA pellets resuspended in 30 μl 

RNAse/DNAse free water. The concentrations 
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were checked with a NanoDrop™ One/OneC 

Microvolume UV-Vis Spectrophotometer. 

cDNA Library Construction 

Purified RNA was converted to cDNA on the 

same day. cDNA synthesis was carried out in 

accordance with the manufacturer's instructions 

of the SMOBIO kit (Hsinchu, Taiwan). In short, 

a final volume of 20 μL of cDNA was obtained 

by reverse transcribing a 1500 ng of total RNA 

with random primers and then stored at -20 °C 

until the next use.  

RT-qPCR 

Specific primers for hsa_circ_0004771 and 

hsa_circ_0019120 were designed using 

CircPrimer (29) and the software NCBI primer 

BLAST tool  

(http://www.ncbi.nlm.nih.gov/tools/primer-

blast/). The primer sequences can be found in 

Table 1 and Figure 1. In platelet samples, 

ACTB served as the endogenous control, and 

the relative expression level of 

hsa_circ_0004771 and hsa_circ_0019120 was 

calculated using the 2-ΔΔCt formula. 

The RT-qPCR was conducted using the 

Amplicon SYBR Green PCR Kit (Amplicon, 

Denmark) on the Applied Biosystems StepOne 

Real-Time PCR System (Thermo Fisher 

Scientific). The PCR conditions included an 

initial denaturation at 95 °C for 15 minutes, 

followed by 40 cycles of denaturation at 95 °C 

for 10 seconds and annealing/extension at 59 °C 

for 30 seconds. 

Table 1. Primer sequences for hsa_circ_0004771 and hsa_circ_0019120 and ACTB gene. 

circRNA Primer Sequence (5'->3') Length Product length 

hsa_circ_0004771 

(Divergent) 

Forward GCTTGGAGACAGACGGAAGT 20 

108 

Reverse GTCAAGTGTGCATCTTCTGGC 21 

hsa_circ_0019120 

(Divergent) 

Forward GTCCAAGATGAAAAATCAGGTGTTG 25 

146 

Reverse CGGAAGTAGGTTCTTGTCTGGTT 23 

ACTB 

Forward CCTCGCCTTTGCCGATCC 18 

73 

Reverse GAGCGCGGCGATATCATCA 19 

Fig. 1. A: Primer design position for hsa_circ_0004771 B: Primer design position for hsa_circ_0019120. 

 
 

 

A 
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Statistical analysis 

The study employed the nonparametric 

Kruskal-Wallis test followed by Dunn's 

multiple comparisons test to assess differences 

among the normal, CRC, and polyp groups. The 

diagnostic performance of circRNAs was 

evaluated through receiver operating 

characteristic (ROC) curves and the calculation 

of the area under the curve (AUC). The Youden 

index was used to determine the optimal cutoff 

value for circRNAs. Statistical significance was 

defined for p-values less than 0.05. The 

statistical analyses were conducted using 

GraphPad Prism 8.0 and SPSS 22.0 software.

Results 
Characteristics of the study population 

A total of 25 individuals diagnosed with 

colorectal cancer (stage III and IV), 25 

patients with advanced polyps, and 25 

healthy individuals who underwent 

colonoscopy confirmation were included in 

the study. The groups were matched based on 

age and sex. The average age of the 

individuals in the CRC group was 68±10.8 

years, 62±9.8 years in the advanced polyp 

group, and 63±9.2 years in the healthy group. 

The clinical characteristics of the study 

samples are detailed in Table 2. 

 
Table 2. Clinical characteristics of patients and controls. 

Variables 
CRC 

N (%) 

Advance polyp 

N (%) 

Healthy people 

N (%) 
 

Sex 25 25 25 P values 

Male 9 (36%) 15 (60%) 15 (60%) 
0.146 

Female 16 (64%) 10 (40%) 10 (40%) 

Age     

Range (mean ± 

SD) 
41-88 (68±10.8) 33-87 (62±9.8) 37-80 (63±9.2) 0.159 

Tumor site     

Descending colon 11 (44%) - -  

Ascending colon 8 (32%) - -  

Rectum 6 (24%) - -  

Stage     

III 14 (56%) - -  

IV 11 (44%) - -  

 

Hsa_circ_0004771 and hsa_circ_0019120 

expression in the platelets  

The analysis of hsa_circ_0004771 in the three 

groups, including CRC patients, advanced 

polyp patients, and healthy individuals, 

revealed upregulation of hsa_circ_0004771 in 

patients with advanced polyps and CRC. 

However, the upregulation was statistically 

significant only in CRC patients compared to 

healthy individuals (p-value = 0.0036*) (Fig. 

2A). The comparison between the healthy and 

advanced polyp groups (p-value = 0.1191) and 

the advanced polyp and CRC groups (p-value = 

0.7128) showed no significant differences. 

Similarly, the expression level of 

hsa_circ_0019120 also indicated upregulation 

in patients with advanced polyps and CRC. This 

upregulation was significant in both patients 

with advanced polyps (P-value: 0.0175*) and 

CRC (p-value: 0.0356*) compared to healthy 

individuals. Subsequently, when comparing the 

expression levels of platelet-derived 

hsa_circ_0019120 between advanced polyp 

patients and CRC patients, no significant 

difference was observed (p-value > 0.99) (Fig. 

2B). 

Diagnostic potential of hsa_circ_0004771 and 

hsa_circ_0019120 

A receiver operating characteristic (ROC) curve 

analysis of hsa_circ_0004771 between normal 

groups vs CRC groups showed an AUC of 

0.784 (95% CI: 0.645 to 0.888) with a 

sensitivity of 84% and specificity of 64% (p-

value = 0.0006*) (Fig. 3A). For 
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hsa_circ_0019120 comparison between normal 

groups and the advanced polyp group, the AUC 

was 0.739 (95% CI: 0.591 to 0.856) with a 

sensitivity of 75% and specificity of 74% (p-

value = 0.005*) (Fig. 3B). In comparison 

between normal groups and the CRC group the 

AUC was 0.717 (95% CI: 0.560 to 0.844) with 

a sensitivity of 65% and specificity of 74% (p-

value = 0.0149*) (Fig. 3C). 

To assess the collective efficacy of 

hsa_circ_0004771 and hsa_circ_0019120 

biomarkers, their expression data in CRC 

groups versus normal groups by logistic 

regression were analyzed. The combined AUC 

was calculated to be 0.8348 (95% CI: 0.7131 to 

0.9565) with a sensitivity of 84% and 

specificity of 80% (p-value = 0.0002*) (Fig. 

3D). 

 

Fig. 1. Expression level of circRNAs in three groups. A: Comparison of the expression of hsa_circ_0004771 in the platelets 

of the colorectal cancer patient group, the advanced polyp group, and healthy individuals. B: Comparison of the expression 

of hsa_circ_0019120 in the platelets of the colorectal cancer patient group, the advanced polyp group, and healthy 

individuals. *: <0.05, **: <0.005. 
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Fig. 2. Diagnostic potential of two circRNAs. A: ROC curve of hsa_circ_0004771 between the colorectal cancer group and 

the control group. B: ROC curve of hsa_circ_0019120 between the advanced polyp group and the control group. C: ROC 

curve of hsa_circ_0019120 between the control group and the colorectal cancer group. D: ROC curve related to simultaneous 

application of hsa_circ_0004771 and hsa_circ_0019120. 

 

Discussion 
In this investigation, we assessed the 

expression levels of two circular RNAs, 

hsa_circ_0004771 and hsa_circ_0019120, in 

three groups comprising individuals with 

colonic polyps, CRC patients, and healthy 

controls. The analysis unveiled upregulation 

of hsa_circ_0004771 in the CRC group and 

hsa_circ_0019120 in both the polyps and 

CRC groups. 

Hsa_circ_0004771, also known as 

hsa_circNRIP1_007, is located on 

chromosome 21 (hg19: 16386664–16415895) 

and is produced from exons 2 and 3 of the 

NRIP1 (NM_003489) gene. NRIP1, a 

receptor-interacting protein, acts as a 

coregulator by modulating various receptor 

transcription factors. Although its exact role 

is not fully understood, NRIP1 interacts with 

transcription factors like E2F transcription 

factor 1 (E2F1), thyroid hormone receptor 

(TR), and estrogen-related receptor (EER) 

(30, 31). The biogenesis of hsa_circ_0004771 

is facilitated by the binding of the RBP 

Quaking (QKI) to the introns surrounding the 

exons for circularization, predominantly in 

the cytoplasm (32). Its expression has been 

studied in three research projects involving 

CRC patients. Pan et al. demonstrated a  

 

notable rise in hsa_circ_0004771 levels in 

serum exosomes from early CRC patients, 

indicating its potential as a biomarker for 

early CRC diagnosis and prognosis (26). They 

reported AUC values of 0.86 (95%CI, 0.785–

0.933) for stage I/II CRC patients and 0.88 

(95%CI, 0.815–0.940) for CRC patients. 

Furthermore, hsa_circ-0004771 in serum-

derived exosomes was found to contribute to 

5-FU resistance in CRC patients through the 

regulation of the miR-653/ZEB2 signaling 

pathway (24). Consistent with prior studies, 

our research observed increased levels of 

hsa_circ_0004771 in advanced polyps and 

CRC patients (Figs. 2 & 3), with statistical 

significance evident only in CRC patients. 

The AUC for CRC patients was 0.784 (95% 

CI: 0.645 to 0.888), highlighting the 

significant role of hsa_circ_0004771 on 

malignant tumors and its clinical relevance. 

As well as in this study, we investigated 

the expression of hsa_circ_0019120 in the 

platelets. hsa_circ_0019120, or 

hsa_circBTAF1_002, is located on 

chromosome 10 (hg19: 93699708-93702325) 

and is generated by exons 3 and 4 of the 

BTAF1 (NM_003972) gene. This gene codes 

for a TAF (TATA box-binding protein-
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associated factor) that interacts with TBP 

(TATA box-binding protein) to create the B-

TFIID complex which is necessary for the 

initiation of gene transcription by RNA 

polymerase II. (33). There is only one study 

that showed an elevated level of 

hsa_circ_0019120 in CRC patients (27). 

Integrated analysis of exosomal circRNAs in 

colorectal cancer showed that 

hsa_circ_0019120 was significantly 

upregulated in serum exosome of CRC 

patients (27). Our study showed statistically 

elevated levels of hsa_circ_0019120 in 

advanced polyps and CRC patients (Figs. 2 & 

3). This finding further indicates the 

important influence of hsa_circ_0019120 on 

malignant tumors, as well as its clinical 

significance. 

The heightened presence of these 

examined circRNAs in the platelets of 

individuals with colorectal cancer and 

advanced polyps may result from platelet-

tumor cell interactions during tumor 

progression and metastasis. Therefore, these 

two circRNAs could serve as potential 

biomarkers for assessing the risk of 

developing advanced polyps and colorectal 

cancer. However, the study is limited by the 

small sample size, and additional clinical 

cases are needed to validate the relationship 

between hsa_circ_0004771 and 

hsa_circ_0019120 expression with CRC. 

This study identified differential 

expression of two circRNAs, 

hsa_circ_0004771 and hsa_circ_0019120, in 

the platelets of individuals with advanced 

polyps and colorectal cancer. These findings 

suggest their potential as non-invasive 

biomarkers for CRC risk assessment and early 

detection. Additional studies with larger 

sample sizes are required to confirm these 

results and investigate the clinical 

implications of these circRNAs. 

Acknowledgments 
The authors would like to express their 

sincere gratitude to the patients and staff of 

Baghiyyatollah al-Azam Hospital for their 

invaluable contributions to this study.  

Conflict of interest 
There are no competing interests or conflicts 

of interest present. 

Ethics 
This study was conducted in accordance with 

the ethical principles outlined in the 

Declaration of Helsinki. Prior to the study, 

ethical approval was obtained from the 

research ethics committee of Baqiatallah 

University of Medical Sciences (code of 

ethics No IR.BMSU.BLC.1402.043). 

Financial support  
This study was approved (No: 401000324) 

and financially supported by research deputy 

of Baqiatallah University of Medical 

Sciences. 

 

References  
1. Cao W, Chen HD, Yu YW, Li N, Chen WQ. 

Changing profiles of cancer burden worldwide and 

in China: a secondary analysis of the global cancer 

statistics 2020. Chin Med J (Engl). 

2021;134(7):783-791.  

2. Taheri Z, Asadzadeh Aghdaei H, Irani S, 

Modarressi MH, Zahra N. Evaluation of the 

Epigenetic Demethylation of NRF2, a Master 

Transcription Factor for Antioxidant Enzymes, in 

Colorectal Cancer. Rep Biochem Mol Biol. 

2020;9(1):33-39.  

 

 

 

3. Kuipers EJ, Grady WM, Lieberman D, 

Seufferlein T, Sung JJ, Boelens PG, et al. 

Colorectal cancer. Nat Rev Dis Primers. 

2015;1:15065.  

4. van der Pool AE, Damhuis RA, Ijzermans JN, 

de Wilt JH, Eggermont AM, Kranse R, Verhoef C. 

Trends in incidence, treatment and survival of 

patients with stage IV colorectal cancer: a 

population-based series. Colorectal Dis. 

2012;14(1):56-61.  

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

4-
10

 ]
 

                               7 / 9

https://rbmb.net/article-1-1469-en.html


TEPs` circRNAs in Colorectal Cancer 

 

       Rep. Biochem. Mol. Biol, Vol.13, No. 3, Oct 2024  375 

5. Kow AWC. Hepatic metastasis from colorectal 

cancer. J Gastrointest Oncol. 2019;10(6):1274-

1298.  

6. Nguyen LH, Goel A, Chung DC. Pathways of 

Colorectal Carcinogenesis. Gastroenterology. 

2020;158(2):291-302. 

7. Provenzale D, Ness RM, Llor X, Weiss JM, 

Abbadessa B, Cooper G, et al. NCCN Guidelines 

Insights: Colorectal Cancer Screening, Version 

2.2020. J Natl Compr Canc Netw. 

2020;18(10):1312-20. 

8. Khabbazpour M, Tat M, Karbasi A, Abyazi 

MA, Khodadoustan G, Heidary Z, Zaki-Dizaji M. 

Advances in blood DNA methylation-based assay 

for colorectal cancer early detection: a systematic 

updated review. Gastroenterol Hepatol Bed Bench. 

2024;17(3):225-240.  

9. Ahmadi A, Bayatiani MR, Seif F, Ansari J, 

Rashidi P, Moghadasi M, Etemadi M. Evaluation of 

Radiotherapy on miR-374 Gene Expression in 

Colorectal Cancer Patient Blood Samples. Rep 

Biochem Mol Biol. 2022;10(4):614-621.  

10. Mahmoudivar S, Zarredar H, Asadi M, Zafari V, 

Hashemzadeh S, Farzaneh R, Asvadi Kermani T. 

Serum miR-23 and miR-150 Profiles as Biomarkers 

for Predicting Recurrence following Surgical 

Intervention in Colorectal Cancer Patients. Rep 

Biochem Mol Biol. 2024;12(4):540-549.  

11. Razzaghi H, Khabbazpour M, Heidary Z, Heiat 

M, Shirzad Moghaddam Z, Derogar P, et al. 

Emerging Role of Tumor-Educated Platelets as a 

New Liquid Biopsy Tool for Colorectal Cancer. 

Arch Iran Med. 2023;26(8):447-54. 

12. Xue L, Xie L, Song X, Song X. Identification of 

potential tumor-educated platelets RNA biomarkers 

in non-small-cell lung cancer by integrated 

bioinformatical analysis. J Clin Lab Anal. 

2018;32(7):e22450. 

13. Dong X, Song X, Ding S, Yu M, Shang X, 

Wang K, et al. Tumor-educated platelet SNORD55 

as a potential biomarker for the early diagnosis of 

non-small cell lung cancer. Thorac Cancer. 

2021;12(5):659-666.  

14. Mendoza-Almanza G, Burciaga-Hernández L, 

Maldonado V, Melendez-Zajgla J, Olmos J. Role of 

platelets and breast cancer stem cells in metastasis. 

World J Stem Cells. 2020;12(11):1237-1254. 

15. Best MG, Wurdinger T. Tumor-educated 

platelets for the earlier detection of hepatocellular 

carcinoma. Clin Res Hepatol Gastroenterol. 

2020;44(6):794-795. 

16. Waqar W, Asghar S, Manzoor S. Platelets' 

RNA as biomarker trove for differentiation of 

early-stage hepatocellular carcinoma from 

underlying cirrhotic nodules. PLoS One. 

2021;16(9):e0256739.  

17. Campanella R, Guarnaccia L, Cordiglieri C, 

Trombetta E, Caroli M, Carrabba G, et al. Tumor-

Educated Platelets and Angiogenesis in 

Glioblastoma: Another Brick in the Wall for Novel 

Prognostic and Targetable Biomarkers, Changing 

the Vision from a Localized Tumor to a Systemic 

Pathology. Cells. 2020;9(2):294. 

18. Campolo F, Sesti F, Feola T, Puliani G, 

Faggiano A, Tarsitano MG, et al. Platelet-derived 

circRNAs signature in patients with 

gastroenteropancreatic neuroendocrine tumors. J 

Transl Med. 2023;21(1):548. 

19. Alhasan AA, Izuogu OG, Al-Balool HH, Steyn 

JS, Evans A, Colzani M, et al. Circular RNA 

enrichment in platelets is a signature of 

transcriptome degradation. Blood. 

2016;127(9):e1-e11. 

20. Suzuki H, Zuo Y, Wang J, Zhang MQ, 

Malhotra A, Mayeda A. Characterization of RNase 

R-digested cellular RNA source that consists of 

lariat and circular RNAs from pre-mRNA splicing. 

Nucleic Acids Res. 2006;34(8):e63. 

21. Jeck WR, Sorrentino JA, Wang K, Slevin MK, 

Burd CE, Liu J, et al. Circular RNAs are abundant, 

conserved, and associated with ALU repeats. 

RNA. 2013;19(2):141-57.  

22. Rybak-Wolf A, Stottmeister C, Glazar P, Jens 

M, Pino N, Giusti S, et al. Circular RNAs in the 

Mammalian Brain Are Highly Abundant, 

Conserved, and Dynamically Expressed. Mol Cell. 

2015;58(5):870-85. 

23. Enuka Y, Lauriola M, Feldman ME, Sas-Chen 

A, Ulitsky I, Yarden Y. Circular RNAs are long-

lived and display only minimal early alterations in 

response to a growth factor. Nucleic Acids Res. 

2016;44(3):1370-83. 

24. Qiao XX, Shi HB, Xiao L. Serum exosomal 

hsa-circ-0004771 modulates the resistance of 

colorectal cancer to 5-fluorouracil via regulating 

miR-653/ZEB2 signaling pathway. Cancer Cell 

Int. 2023;23(1):243. 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

4-
10

 ]
 

                               8 / 9

https://rbmb.net/article-1-1469-en.html


Razzaghi H et al 

           Rep. Biochem. Mol. Biol, Vol.13, No.3, Oct 2024 376 

25. Wang Y, Li Z, Xu S, Guo J. Novel potential 

tumor biomarkers: Circular RNAs and exosomal 

circular RNAs in gastrointestinal malignancies. J 

Clin Lab Anal. 2020;34(7):e23359.  

26. Pan B, Qin J, Liu X, He B, Wang X, Pan Y, et 

al. Identification of Serum Exosomal hsa-circ-

0004771 as a Novel Diagnostic Biomarker of 

Colorectal Cancer. Front Genet. 2019;10:1096. 

27. Lei T, Zhang Y, Wang X, Liu W, Feng W, 

Song W. Integrated analysis of the functions and 

clinical implications of exosome circRNAs in 

colorectal cancer. Front Immunol. 

2022;13:919014. 

28. Lieberman DA, Rex DK, Winawer SJ, 

Giardiello FM, Johnson DA, Levin TR. Guidelines 

for colonoscopy surveillance after screening and 

polypectomy: a consensus update by the US Multi-

Society Task Force on Colorectal Cancer. 

Gastroenterology. 2012;143(3):844-857. 

29. Zhong S, Feng J. CircPrimer 2.0: a software for 

annotating circRNAs and predicting translation 

potential of circRNAs. BMC Bioinformatics. 

2022;23(1):215.  

30. Mohamad MA, Mohd Manzor NF, Zulkifli NF, 

Zainal N, Hayati AR, Ahmad Asnawi AW. A 

Review of Candidate Genes and Pathways in 

Preeclampsia-An Integrated Bioinformatical 

Analysis. Biology (Basel). 2020;9(4):62.  

31. Docquier A, Harmand PO, Fritsch S, Chanrion 

M, Darbon JM, Cavaillès V. The transcriptional 

coregulator RIP140 represses E2F1 activity and 

discriminates breast cancer subtypes. Clin Cancer 

Res. 2010;16(11):2959-70. 

32. Zhang X, Wang S, Wang H, Cao J, Huang X, 

Chen Z, et al. Circular RNA circNRIP1 acts as a 

microRNA-149-5p sponge to promote gastric 

cancer progression via the AKT1/mTOR pathway. 

Mol Cancer. 2019;18(1):20.  

33. Klejman MP, Zhao X, van Schaik FM, Herr W, 

Timmers HT. Mutational analysis of BTAF1-TBP 

interaction: BTAF1 can rescue DNA-binding 

defective TBP mutants. Nucleic Acids Res. 

2005;33(17):5426-36.  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

4-
10

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://rbmb.net/article-1-1469-en.html
http://www.tcpdf.org

