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Abstract 

Background: Circular RNAs (circRNAs) are important in tumorigenesis and cancer 

progression, highlighting their potential as biomarkers for diagnosis, prognosis, and 

treatment monitoring. 

Methods: This study consists of experimental and in silico phases. In the experimental 

phase, the expression of hsa_circ_0052112 in tumor and blood samples from 40 breast 

cancer women was analyzed, compared to the control group using Sybr Green real-time 

RT-PCR followed by total RNA extraction and cDNA synthesis. Statistical analysis was 

performed using the beta-actin gene as a normalizer, compared to the normal control 

group as a fold change. In the in silico phase, interactions among circRNA, RNA-

Binding Proteins (RBPs), and microRNAs (miRNAs) were investigated using Interac-

tome Database. The miRcancer database was utilized to assess breast cancer-related 

miRNAs linked to hsa_circ_0052112. Target miRNAs were identified with TargetScan 

and filtered for relevance through DisGeNET. K-means clustering grouped genes by 

expression patterns, visualized in Cytoscape to illustrate circRNA-miRNA-mRNA rela-

tionships. Hub genes underwent pathway enrichment analysis using Reactome database 

to determine their functional significance. 

Results: Data revealed a significant increase in hsa_circ_0052112 expression in both 

blood and tumour of breast cancer patients. This increase was especially pronounced in 

patients with estrogen, progesterone, and HER2 receptor positivity, as well as in ad-

vanced disease stages with lymph node involvement. Enrichment analysis of hub genes 

indicates their role in the PI3K/AKT signaling pathway. 

Conclusion: hsa_circ_0052112 shows promise as a multifaceted biomarker for breast 

cancer, enhancing diagnosis and prognosis; while supporting personalized treatment 

strategies. Further clinical validation is necessary to confirm its utility. 
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Introduction 
 

Heritable and dynamic changes occurring to the ge-

nome independently of DNA sequence are known as 

"epigenetics". Cancer was the first disease reported as 

an epigenetic changes-related disease 1. The activation 

of oncogenes and/or the suppression of tumor suppres-

sor genes are critical events always accompanied by 

epigenetic changes. These epigenetic changes include 

DNA methylation, micro-RNA and long non-coding 

RNA expression, and histone post-translational modifi-

cations 2,3. Breast cancer development is a multistep 

and complex process that includes the synergistic 

crosstalk between epigenetic and genetic alterations,  
 

 

 

 

 
 

which are influenced by an abundance of external and 

internal factors. Such factors include but are not lim-

ited to the cell’s intrinsic nutrient supply, microenvi-

ronment, cellular stress, and external environmental ex-

posures to endocrine disruptors or carcinogenic agents. 

The epigenetic changes in breast cancer development 

and progression are influenced by critical genes in-

volved in apoptosis, proliferation, cell motility, inva-

sion, and other processes 4,5. Modification of epigenetic 

changes has been reported as a promising therapeutic 

strategy in breast cancer. Breast cancer is a heteroge-

neous type of malignancy that results from unique mo- 
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lecular changes in breast tissue 6.  

Circular RNAs (circRNAs) are stable and evolu-

tionarily conserved RNA regulators that can act as mi-

croRNA (miRNA) sponges, regulate alternative splic-

ing mechanisms, and have an influential role in the 

expression of the encoded genes 7. CircRNAs have 

been shown to play essential roles in the cell and are 

one of the most crucial research focuses, particularly in 

cancer 8. Due to their significant roles in critical genet-

ic pathways, particularly in oncology, two distinct 

therapeutic potentials have been identified for circR-

NAs: inhibiting carcinogenic circRNAs or restoring 

circRNAs that possess tumor suppressor functions 9. 

Since molecular phenotypes do not operate in isolation, 

but their interactions collectively carry out biological 

processes, it is essential to model these processes in 

living cells using networks 10,11. It is anticipated that 

identifying circRNA-miRNA-mRNA connections will 

be crucial for explaining the molecular processes un-

derlying numerous diseases, detecting biomarkers for 

early diagnosis, and expanding therapeutic options. A 

single miRNA can target hundreds of genes, while a 

single circRNA can act as a sponge for tens of miR-

NAs. Using bioinformatics data to simplify the circR-

NA-miRNA-mRNA interactions may shed light on in 

vitro and in vivo investigations 12. 

In this study, focus was on hsa_circ_0052112, a cir-

cular RNA derived from the ZNF83 gene. This selec-

tion was based on circRNA expression profile analyses 

in breast cancer cells, which were conducted using a 

microarray assay in 2018. The expression levels of 

hsa_circ_0052112 in MCF-7 and MDA-MB-231 cells 

were measured using RT-qPCR, along with evaluations 

of the migration and invasion capabilities of breast 

cancer cells. The findings indicated that the expression 

of hsa_circ_0052112 was significantly higher in MDA-

MB-231 cells compared to MCF-7 cells. Additionally, 

the overexpression of hsa_circ_0052112 promoted cell 

migration and invasion in breast cancer, whereas its 

downregulation suppressed these processes 13. As of 

now, no additional studies have been published on 

hsa_circ_0052112. Considering its significant implica-

tions and established relevance to breast cancer, re-

searchers set out to build upon this research by investi-

gating the expression of hsa_circ_0052112 in tumor 

and blood samples from breast cancer patients in com-

parison to normal controls. Additionally, the aim was 

to examine its expression across various clinicopatho-

logical groups for the first time. 

The present research was designed in experimental 

and in silico phases. In the experimental phase, the 

expression of hsa_circ_0052112 in the tumor tissue 

and blood of breast cancer patients was investigated in 

comparison with the normal control group, and its as-

sociation with the clinical characteristics of the disease 

was studied. In the in silico phase, the interaction of 

hsa_circ_0052112 with miRNA, RBPs, and target 

genes was investigated. Breast cancer remains a lead-

ing cause of cancer-related morbidity and mortality 

among women worldwide, necessitating the identifica-

tion of novel biomarkers for improved diagnosis, prog-

nosis, and treatment strategies. Circular RNAs have 

emerged as significant regulatory molecules in various 

biological processes, including tumorigenesis and can-

cer progression, highlighting their potential utility in 

oncology 14. This study specifically investigates the 

expression of hsa_circ_0052112 in breast cancer, aim-

ing to elucidate its role as a biomarker. By analyzing 

hsa_circ_0052112 levels in tumor and blood samples 

from breast cancer patients and correlating these find-

ings with clinical characteristics, researchers seeked to 

establish a direct link between circRNA expression and 

breast cancer phenotypes. Furthermore, examination of 

the interactions between hsa_circ_0052112, RNA-

binding proteins (RBPs), and microRNAs (miRNAs) 

aims to provide insights into the molecular mecha-

nisms underlying its involvement in breast cancer. Ul-

timately, this research endeavors to contribute to the 

development of personalized treatment strategies by 

establishing hsa_circ_0052112 as a multifaceted bi-

omarker with significant clinical relevance. 

 
Materials and Methods 

 

Experimental phase 

Sampling: 40 blood and breast tissue (Tumor and 

Normal adjacent) samples were collected from breast 

cancer patients at Imam Khomeini Hospital in Tehran, 

Iran. A control blood group consisting of 40 samples 

was also collected from non-affected individuals. The 

inclusion criteria for the normal control group samples 

were female participants within the age range of the 

patients, devoid of any history of breast disease or ma-

lignancy in both themselves and their first-degree rela-

tives. The inclusion criteria for the test group were pa-

tients who were diagnosed with ductal carcinoma of 

the breast and had not initiated any treatment at the 

time of sampling. The demographic and clinical data of 

the patients and controls have been included in table 1. 

Ethical considerations and informed consent paper-

work had been acquired for this study (IR.MODARES. 

REC.1398.148). 
 

RNA extraction: Peripheral blood samples (3-4 ml) 

were collected into EDTA tubes for plasma prepara-

tion. The tubes were centrifuged at 1000 g for 15 min 

within 30 min of collection. Subsequently, 1 ml of 

plasma was transferred to a 1.5‐ml Eppendorf tube and 

centrifuged at 11,000 g for 10 min to remove any re-

maining cellular debris. Total RNA was extracted from 

plasma and breast tissue samples using the RNX-Plus 

solution (CinnaClone-Iran) following a multi-step pro-

tocol. The process began with the addition of RNX-

Plus to lyse cells and release RNA, followed by the 

introduction of chloroform for phase separation, which 

involved vigorous shaking and centrifugation to isolate 

the RNA-containing aqueous phase. RNA was then 
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precipitated by adding isopropanol or ethanol and in-

cubating the mixture at -20°C. After precipitation, the 

RNA pellet was washed with 70% ethanol to eliminate 

impurities and air-dried, before being resuspended in 

RNase-free water or buffer. The concentration and pu-

rity of the extracted RNA were assessed using a Nano-

Drop ND-ONE spectrophotometer (Thermo-USA), 

measuring absorbance at 260 nm and calculating the 

260/280 ratio to check for protein contamination. 
 

cDNA synthesis: For cDNA synthesis, the YT4500 

cDNA Synthesis Kit (Yekta Tajhiz Azma, Iran) was 

utilized. The process began with the preparation of a 

reaction mixture comprising extracted RNA, random 

hexamer primers from the kit, reverse transcriptase, 

dNTPs, and buffer components. This mixture was then 

incubated according to the manufacturer's protocol, 

which involved an initial primer annealing at 25°C for 

10 min, followed by reverse transcription at 42°C for 

60 min, and enzyme inactivation at 70°C for 5 min. The 

synthesized cDNA was subsequently stored at -20°C 

for future use in quantitative RT-PCR. 
 

SYBR Green Quantitative real-time reverse transcription 

PCR: To quantify the expression levels of circRNA 

(Hsa_circ_0052112) and the internal control gene β-

actin, SYBR Green real-time RT-PCR was utilized, 

allowing for the amplification and detection of specific 

DNA sequences in real-time. β-actin was selected due 

to its stable expression across various cell types and 

experimental conditions, demonstrated minimal varia-

bility in preliminary assessments compared to other 

housekeeping genes, and extensive literature valida-

tion, thereby ensuring our findings' robustness and reli-

ability. Each PCR reaction contained a cDNA tem-

plate, specific primers for hsa_circ_0052112, forward: 

AGAGGGCTTTATACAGGGCC; reverse: CCCTGA 

AAGTCAAGCATCCC, and β-actin (forward: CAC-

CTTCTACAATGAGCTGCGTGTG; reverse: ATAGC 

ACAGCCTGGATAGCAACGTAC, SYBR Green dye, 

and PCR buffer. The thermal cycling conditions in-

cluded an initial denaturation at 95°C for 5 min, fol-

lowed by 40 cycles of denaturation at 95°C for 30 s, 

annealing at 57°C for 30 s, and extension at 72°C for 

30 s. Each reaction incorporated negative controls 

(lacking template DNA) to check for contamination 

and technical duplicates to ensure reproducibility. The 

relative expression of circRNA was normalized to β-

actin, with primer efficiency evaluated using LinReg-

PCR software to confirm approximately 100% effi-

ciency. The comparative quantification of gene expres-

sion was conducted using the 2-ΔΔCT method, where 

ΔCT represents the difference in Cycle threshold (Ct) 

values between the target gene and β-actin. Expression 

changes were categorized as upregulated (two-fold or 

higher), normal (between 0.5 and 2-fold), or downregu-

lated (0.5-fold or lower), ensuring accurate and reliable 

quantification of gene expression levels in the analyzed 

samples. 
 

Statistical analyses 

The acquired data were analyzed using Graph Pad 

Prism software version 8.2. Since the data showed a 

normal distribution, parametric tests were employed 

for statistical analysis. To compare circRNA expres-

sion between two groups and more than two groups, 

the T-test and Analysis of Variance (ANOVA) test 

were conducted. The significance level was set at p< 

0.05. Results were reported as mean±standard devia-

tion. Cohen's d-test was used for effect size calculation. 
 

Insilco phase 
Investigating RNA regulatory interactions using the in-

teractome database: The Interactome site (https://cir-

cinteractome.nia.nih.gov/) was employed as a supply 

for investigating the interactions between circular RNA 

(circRNA), RNA-Binding Proteins (RBPs), and mi-

croRNAs (miRNAs) in this study. This database com-

prises experimentally validated interactions between 

these molecules, enabling researchers to find the con-

voluted relationships within the RNA regulatory net-

work. By analyzing the interactions on the Interactome 

site, we gained insights into how circRNAs, RBPs, and 

miRNAs interact, which may indicate novel regulatory 

mechanisms and biological functions. This information 

was significant for realizing gene expression regula-

tion, disease mechanisms, and identifying potential 

therapeutic targets in the study performed. Table 2 

shows the characteristics of circular RNA taken from 

the interactome site. 
 

Table 1. Characteristics of breast cancer patients and controls 
 

 Patient N (%) 

Number 40 

Age (years)  

Mean 45.9±11.6 

Range 26-73 

Stage at diagnosis  

Stage I 3 (7.5) 

Stage II 17 (42.5%) 

Stage III 14 (35%) 

Stage IV 6 (15%) 

Lymph node status  

N0 18 (45%) 

N+ 22(55%) 

Distance metastasis  

yes 5 [1 bone, 4 lungs] (12.5%) 

No 35 (87.5%) 

Hormone receptor status (IHC)  

ER positive 24 (60%) 

ER negative 16 (40%) 

PR positive 21 (52.5%) 

PR negative 19 (47.5%) 

HER-2 status (IHC)  

+++ 12 (30%) 

Negative 24 (60%) 

Triple-negative breast cancer 4 (10%) 
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Investigating the interaction between RNA-binding proteins 

and circular RNA in post-transcriptional 

Gene regulation: The correlation between RBPs and 

circRNAs is especially noteworthy in RNA biology. 

RBPs can bind to circRNAs, touching their stability, 

localization, and potential functions. This interaction 

may result in the formation of circRNA-protein com-

plexes that can serve as regulators of gene expression 

or signaling pathways. Comprehension of the relation-

ship between RBPs and circRNAs is crucial for clarify-

ing the complex regulatory networks within cells and 

revealing the roles of circRNAs in various biological 

processes. RNA-binding protein sites matching flank-

ing regions of circRNA, taken from the interactome 

site, are shown in table 3. 
 

Exploring the regulatory interplay between microRNAs and 

circular RNAs using the interactome database 

In this study, the interplay between miRNAs and 

circRNAs engaging the Interactome site to uncover the 

regulatory mechanisms within the RNA network was 

explored. miRNAs are small non-coding RNAs that 

regulate gene expression post-transcriptionally by 

binding to target mRNAs and regulating their transla-

tion or degradation. CircRNAs, alternatively, are mani-

festing as important gene expression regulators that can 

segregate miRNAs and modulate their activity. By 

evaluating the interactions between miRNAs and 

circRNAs on the Interactome site, researchers intended 

to reveal new regulatory pathways and potential thera-

peutic targets. Recognition of how circRNAs impact 

miRNA function can provide a significant understand-

ing of the complicated dynamics of different RNA 

molecules and their impact on gene expression. This 

insight is important for understanding disease mecha-

nisms, identifying biomarkers, and developing targeted 

therapies for various disorders. Table 4 lists the miR-

NAs that are targeted by hsa_circ_0052112 taken from 

the interactome site. 
 

Identification of breast cancer-related miRNAs targeted by 

circular RNA through enrichment analysis 

Among miRNAs targeted by hsa_circ_0052112 

(Table 4), enrichment was done using miRcancer data-

base (https://mircancer.ecu.edu/), and miRNAs related 

to breast cancer were identified.  
 

Visualization of circRNA_miRNA_mRNA relationships in a 

tripartite manner using cytoscape 

In this research study, the target miRNA genes se-

lected from the previous step were identified using the 

TargetScan database (https://www.targetscan.org/). 

Subsequently, genes related to breast cancer were fil-

tered using DisGeNET. The breast cancer-related 

genes were represented as data points in a multidimen-

sional space (string), with each dimension reflecting a 

specific gene expression value. K-means clustering 

was employed to group genes with similar expression 

patterns into clusters. The resulting clusters were visu-

alized as a network with confidence of interaction 

score of 0.9, where genes were depicted as nodes and 

relationships between genes were shown as edges 

based on their expression similarities. This network 

analysis enabled the exploration of gene interactions 

and functional relationships within biological systems. 

Following the creation of the gene network in string 

format, the data was transferred to Cytoscape for fur-

ther analysis. Gene hubs were identified, and the 

circRNA_miRNA_mRNA relationships were visual-

ized using Cytoscape in a tripartite manner. 
 

Exploring Hub genes enrichment by reactome 

In this study, hub genes enrichment by the Reac-

tome database (https://reactome.org/) involved the 

identification of key genes that hold significant im-

portance in biological pathways or processes. Reac-

tome, a curated database of biological pathways, offers 

detailed information on molecular events and their in-

terrelationships across diverse cellular processes. 

Through hub gene enrichment analysis using Reac-

tome, researchers can identify genes that serve as cen-

Table 2. Characteristics of circular RNA taken from the interactome 
site 

 

CircRNA ID hsa_circ_0052112 

Genomic length 5283 bp 

Location chr19:53158813-53164096 

Spliced seq length 209 bp 

Gene symbol ZNF83 

 

Table 3. RNA-binding protein sites matching flanking regions of circRNA hsa_circ_0052112 
 

RBPs Tag name 
%  

identity 

Alignment 

length 
Mismatches 

Gap 

openings 

Tag 

start 

Tag 

end 

circRNA 

start 

circRNA  

end 

Upstream/ 

downstream 

AGO2 
HHFCT_76827_cluster-

12605_20_8_35 
100.00 35 0 0 1 35 +65 +99 Downstream 

AGO2 
HHFCT_76828_cluster-

12605_21_8_36 
100.00 36 0 0 1 36 -902 -867 Upstream 

EIF4A3 
HHLE2_605111_eIF4AI

II_rep2_605111_1_54 
100.00 54 0 0 1 54 +210 +263 Downstream 

EIF4A3 
HHLE2_605114_eIF4AI

II_rep2_605114_1_40 
100.00 40 0 0 1 40 -485 -446 Upstream 

PTB 
HHFPT_135578_PTB_cl

uster-12605_68_19_47 
100.00 47 0 0 1 47 -767 -721 Upstream 
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tral components within specific pathways or networks. 

This analysis aids in elucidating the functional rele-

vance of these hub genes and their involvement in var-

ious biological processes. By leveraging Reactome's 

extensive pathway data, researchers can gain insights 

into the functional enrichment of hub genes and their 

potential roles in complex biological systems. 

The flowchart of the research and step-by-step 

phases of the in silico phase of the study are shown in 

figure 1.  
 

Results 
 

hsa_circ_0052112 Expression in Breast Cancer Patients  

Tumor tissue and blood plasma analysis: As seen in 

figure 2, the expression level of hsa_circ_0052112 in 

the samples of breast cancer patients, both in the tumor 

tissue and the blood plasma, shows a significant in-

crease compared to the control group (p<0.0001). The 

mean expression of circular RNA in breast tumors is 

7.92±2.85 and in plasma is 3.40±1.68. 
 

Association between circular RNA expression and receptor 

status in breast cancer patients  

Implications for disease progression: In table 5, the av-

erage expression of hsa_circ_0052112 in groups with 

estrogen and progesterone receptors, as well as HER2, 

demonstrates a significant increase in both tissue and 

blood plasma levels compared to the corresponding 

Table 4. List of miRNAs targeted by the TargetScan database for circular RNA hsa_circ_0052112 
 

TargetScan miRNA predictions 

CircRNA 

Mirbase ID 
CircRNA (Top) - miRNA (Bottom) pairing Site type CircRNA start CircRNA end 

hsa_circ_0052112 (5' ... 3') 
hsa-miR-142-5p (3' ... 5') 

ACCCUGCACAGAGGGCUUUAUAC 

     |||        ||||||   

UCAUCACGAAAGAU--GAAAUAC 

7mer-1a 159 165 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-146b-3p (3' ... 5') 

CACAGAGGGCUUUAUACAGGGCC 
               |||||||  

 GGUCUUGACUCAGGUGUCCCGU 

7mer-m8 165 171 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-194 (3' ... 5') 

AUUUCCAAAGACUCAUGUUACAU 
                ||||||   

 AGGUGUACCUCAACGACAAUGU 

7mer-1a 21 27 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-324-5p (3' ... 5') 

GAUGGCUCUUCCUCAGGGAUGCU 

               |||||||  

UGUGGUUACGGGAUCCCCUACGC 

7mer-m8 82 88 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-515-5p (3' ... 5') 

UACAGGGCCGUGAUGUUGGAGAA 
                 |||||||  

 GUCUUUCACGAAAGAAAACCUCUU  

8mer-1a 179 186 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-568 (3' ... 5') 

CCUGCACAGAGGGCUUUAUACAG 
               |||||||  

   CACACAUAUGUAAAUAUGUA  

7mer-m8 161 167 

hsa_circ_0052112 (5' ... 3') 

hsa-miR-924 (3' ... 5') 

NNNNAAUUAAUUUCCAAAGACUCA 
                |||||||  

    CGUUCUGUAGUGUUCUGAGA  

8mer-1a 13 20 

 

Figure 1. The flowchart of the research and step-by-step phases of 

the in silico phase of the study. 

Figure 2. The mean expression of hsa_circ_0052112 in tissue and 

blood samples of breast cancer patients compared to normal control. 

Data were normalized by β-actin gene expression. 

ANOVA test. p<0.0001. 
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groups lacking these receptors. This finding suggests 

that hsa_circ_0052112 may play a role in the biology 

of hormone receptor-positive breast cancer, potentially 

influencing tumor behavior and response to hormonal 

therapies. 

Moreover, the increase in hsa_circ_0052112 expres-

sion is particularly pronounced in patients with meta-

static disease and those at advanced stages of cancer. 

This correlation raises important questions about the 

potential role of hsa_circ_0052112 as a biomarker for 

disease progression. Its elevated levels could indicate a 

more aggressive tumor phenotype, which may be asso-

ciated with poorer prognoses and the need for more 

intensive therapeutic strategies. 

Additionally, the relationship between hsa_circ_ 

0052112 expression and lymph node involvement fur-

ther emphasize its clinical relevance. In patients with 

lymph node metastasis, hsa_circ_0052112 expression 

levels were significantly higher than those without 

lymph node involvement, suggesting its potential utili-

ty as a prognostic marker. This association may pro-

vide insights into the metastatic potential of breast tu-

mors and aid in the stratification of patients for tailored 

therapeutic interventions. 
 

Identification of RNA-binding proteins associated with the 

flanking regions of hsa_circ_0052112 

Using the Interactome database, the RBPs that bind 

to the flanking region of circular RNA hsa_circ_ 

0052112 were identified, which are AGO2, AGO2, 

EIF4A3, and PTB. Their features and characteristics 

are listed in table 3. 
 

Identification and characterization of miRNAs targeted by 

hsa_circ_0052112 with implications for breast cancer 

Using the TargetScan database, miRNAs targeted 

by hsa_circ_0052112 were identified, which consists 

of 7 microRNAs named hsa-miR-142-5p, hsa-miR-

146b-3p, hsa-miR-194, hsa-miR-324-5p, hsa-miR-515-

5p, hsa-miR-568, and hsa-miR-924. Their characteris-

tics are listed in table 4. Among miRNAs targeted by 

circular RNA, enrichment was done using miRcancer 

database and hsa-miR-194 related to breast cancer, 

were identified. 
 

Tripartite visualization of circRNA-miRNA-mRNA interac-

tions in breast cancer network  

Using TargetScan, the genes targeted by hsa-miR-

194 were identified. Among them, genes related to 

breast cancer were filtered using DisGeNET. In figure 

3, the interaction network of these genes is depicted, as 

can be seen, genes MAPK1, STAT1, TRAF6, and 

ERRB4 were identified as hub genes. A hub gene is a 

gene that plays a central role in a biological network, 

often exhibiting a high degree of connectivity with 

other genes or proteins. As shown in figure 4, the 

circRNA_miRNA_mRNA relationships were visual-

ized using Cytoscape in a tripartite manner. 
 

Enrichment analysis of hub genes and their role in PI3K/ 

AKT signaling pathways 

In this study, hub genes (MAPK1, STAT1, TRAF6, 

and ERRB4) enrichment by the Reactome database was 

done and their significant importance in biological 

pathways or processes was elucidated and summarized 

in figure 5. As seen in figure 5, the two important bio-

logical processes that statistically showed the highest 

correlation with these genes are PI5P, PP2A, and IER3 

regulate PI3K/AKT signaling R-HSA-6811558 and  
 

Table 5. Mean expression of hsa_circ_0052112 in different pathological conditions and hormone receptor status in breast cancer patients 
 

hsa_circ_

005212 

expres-

sion 

ER- ER+ PR- PR+ HER2- HER2+ TN Non-TN LN- LN+ 
Stage 

I&II 

Stage 

III& IV 

Tumor 
6.49±1.9

3 
10.05±2.68 5.88±1.31 10.17±2.37 6.45±1.72 11.34±1.87 7.78± 1.98 7.93±2.93 5.77±1.32 9.68±2.54 5.86±1.30 9.97±2.48 

p-value 0.0002 <0.0001 <0.0001 0.6823 <0.0001 <0.0001 

d 1.522 2.232 2.706 0.062 1.924 1.486 

Plasma 
2.67±0.9

5 
4.48±1.93 2.43±0.61 4.47±1.83 2.62±0.82 5.21±1.77 3.19±0.81 3.42±1.75 2.37±0.59 4.23±1.81 2.39±0.57 4.40±1.82 

p-value 0.0010 <0.0001 <0.0001 0.7316 <0.0001 <0.0001 

d 1.186 1.494 1.865 0.165 1.371 2.073 
 

p-value, and Effect size were calculated using T-test and Cohen's d test, respectively. 

 

Figure 3. Gene Interaction Network and Hub Genes. The gene inter-

action network was constructed to identify hub genes. Nodes without 

any connections have been removed for clarity. Hub genes are indi-
cated by squares, and specifically, genes with four or more interac-

tions were selected as hub genes. 
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negative regulation of PI3K/AKT network R-HSA-

199418. 

 

Discussion 
 

circRNAs are stable noncoding RNAs that regulate 

gene expression in various tissues, including body flu-

ids. This makes them a critical and exciting point of 

novel research into the pathogenesis of numerous dis-

eases 15. A convergence of data supports that circRNAs 

are involved in cancer, making them novel biomarkers 

or potential therapeutic targets 13.  

In a study published in 2018, circRNA microarrays 

analysis indicated elevated hsa_circ_0052112 expres-

sion in invasive breast cancer cell lines, further, the 

expression of hsa_circ_0052112 in MCF-7 cells and 

MDA-MB-231 cells was verified by RT-qPCR assay 
13. The expression of this circRNA in breast cancer 

patients has not been reported. 

The present study investigates the relationship be-

tween hsa_circ_0052112 expression and clinical pa-

rameters in breast cancer, highlighting its potential as a 

biomarker. Elevated levels of hsa_circ_0052112 were 

found in tumor tissues and plasma of breast cancer 

patients, particularly in advanced stages and those with 

lymph node involvement, suggesting its role in disease 

progression and tumor aggressiveness. The correlation 

between hsa_circ_0052112 expression and hormone 

receptor status indicate its utility not only as a marker 

for breast cancer presence, but also in understanding 

tumor behavior, which may inform treatment respons-

es. 

The non-invasive measurement of hsa_circ_ 

0052112 in plasma offers a promising approach for 

monitoring disease progression and treatment efficacy, 

potentially allowing for its incorporation into routine 

clinical assessments. Should future studies confirm its 

prognostic value, hsa_circ_0052112 could aid in pa-

tient stratification, guiding personalized treatment strat-

egies based on expression levels. 

The traditional markers ER, PR, and HER2 have 

been extensively validated in clinical settings and play 

crucial roles in determining the therapeutic approach 

for breast cancer patients. However, these biomarkers 

often exhibit variability in expression and can be influ-

enced by tumor heterogeneity, potentially limiting their 

reliability as sole indicators of disease status 16. In con-

trast, hsa_circ_0052112 demonstrates a unique profile 

characterized by its circular RNA structure, which con-

fers increased stability in circulation compared to line-

ar RNA species. This stability is particularly advanta-

geous for its potential application in liquid biopsies, as 

it minimizes degradation and allows for more accurate 

detection in blood samples. In the realm of emerging 

biomarkers, such as Circulating tumor DNA (ctDNA) 

and microRNAs, hsa_circ_0052112 could complement 

these modalities by offering insights into tumor dy-

namics. While ctDNA found in the bloodstream and 

refers to DNA from cancerous cells and tumors pro-

vides information about the genetic alterations within 

the tumor 17, hsa_circ_0052112 may reflect the tumor's 

functional status and cellular processes more accurate-

ly. Furthermore, microRNAs are often less stable and 

can be influenced by various physiological states 18, 

whereas the stability of hsa_circ_0052112 could lead 

to more consistent and reliable measurements. 

The in silco phase of our study indicated that the 

RNA-binding protein sites matching flanking regions 

of hsa_circ_0052112 are AGO2, EIF4A3, and PTB. 

Understanding the RNA-binding protein sites that cor-

respond to the flanking regions of circRNAs is essen-

tial for comprehending their biogenesis, function, and 

role in disease, as well as for advancing research meth-

odologies in molecular biology. Identifying RBP target 

sites is an important step toward understanding the 

mechanisms by which they conduct post-transcrip-

tional regulation 19. AGO2 (Argonaute 2) is a vital pro-

Figure 4. The interaction between has_circ_0052112_miR-194 and 
hub genes is visualized using Cytoscape. 

 

Figure 5. Enrichment analysis of hub genes using the reactome data-

base. 
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tein taking part within the RNA-Induced Silencing 

Complex (RISC) and it plays a pivotal role in the regu-

lation of gene expression through its function as an 

RNA-Binding Protein (RBP). It is well-known for its 

involvement in the mechanisms of miRNA and small 

interfering RNA (siRNA) pathways, facilitating the 

silencing of target mRNAs 20. AGO2 serves as a criti-

cal RBP for hsa_circ_0052112, influencing its function 

and stability and potentially playing a role in the regu-

latory networks involving miRNAs and gene expres-

sion. 

EIF4A3 (Eukaryotic Translation Initiation Factor 

4A3) is a member of the eIF4A family of RBPs and 

plays a critical role in the regulation of mRNA transla-

tion and stability. It was recently recognized as an on-

cogene. It is ordinarily recognized for its involvement 

within the Exon Junction Complex (EJC), that is vital 

for mRNA processing, transport, and translation 21. 

Polypyrimidine Tract-Binding Protein (PTB), also 

known as PTBP1, is an RNA-binding protein that is 

involved in various processes, including splicing, 

mRNA stability, and translation. Analysis indicated 

that overexpression of PTBP1 generally predicted poor 

overall survival in patients with tumors such as liver 

hepatocellular carcinoma, adrenocortical carcinoma, 

lung adenocarcinoma, and skin cutaneous melanoma 22. 

circRNAs are a group of endogenous RNAs that 

control gene expression at the transcriptional and post-

transcriptional levels. Recent reports have indicated 

that circRNAs serve as innovative diagnostic bio-

markers and favorable therapeutic targets for several 

cancer types by interacting with other non-coding 

RNAs such as miRNAs 23. The miRNAs are revealed 

as pivotal risk factors and regulatory elements in can-

cer by regulating the expression of their target genes. 

Genetic interactions between miRNAs and circular 

RNAs can generate complex regulatory networks with 

various carcinogenic processes that play significant 

roles in tumorigenesis, cancer development, and cancer 

progression 23. CircRNAs have recently been identified 

for their miRNA sponge function, which enables them 

to modulate the expression of miRNA target genes by 

acting as competitive endogenous RNAs (ce-

circRNAs) 24. 

In the in silco phase of our study, among the miR-

NAs that were introduced as targets of hsa_circ_ 

0052112 by target scan, miR-194 was found to be as-

sociated with all subtypes of breast cancer even triple 

negatives 25,26. Studies have shown that miR-194 can 

act as a tumor suppressor in breast cancer by regulating 

the expression of target genes involved in cell cycle 

control and apoptosis 27. 

On the other hand, miR-194 altered expression has 

been associated with poor prognosis in breast cancer 

patients. In some cases, downregulation of miR-194 

has been linked to increased metastatic potential and 

resistance to therapy, implying that it may act as a po-

tential biomarker for breast cancer progression and 

treatment response 28. miR-194 dual role as a potential 

tumor suppressor and its association with clinical out-

comes highlights its importance in breast cancer re-

search. In this research article, miR-194 is highlighted 

as a key microRNA involved in the post-transcriptional 

regulation of gene expression, playing critical roles in 

various biological processes such as cell proliferation, 

differentiation, apoptosis, and metabolism. Notably, as 

discussed earlier, miR-194 has been identified as a 

potential tumor suppressor in several cancers, includ-

ing breast cancer. It can inhibit oncogene expression 

and promote apoptosis, thus influencing the balance 

between cell survival and death. Additionally, miR-194 

regulates genes involved in cell adhesion, migration, 

and invasion, thereby affecting cancer metastasis 29. 

In silco part of our study revealed that MAPK1, 

STAT1, TRAF6, and ERRB4 were identified as hub 

genes targeted by miR-194. Hub genes are central 

genes within a biological network that play a crucial 

role in regulating various cellular processes. They are 

often characterized by a high degree of connectivity, 

meaning that they interact with many other genes or 

proteins. In the context of gene networks, hub genes 

can influence the behavior of the network as a whole 

and are often implicated in critical biological functions, 

disease mechanisms, and responses to environmental 

changes. Identifying hub genes can be important for 

understanding complex biological systems and devel-

oping targeted medicine therapies.  

The enrichment analysis identified significant asso-

ciations between the hub genes and two critical biolog-

ical processes: "PI5P, PP2A, and IER3 regulate PI3K/ 

AKT signaling" and "negative regulation of the PI3K/ 

AKT network". These findings underscore the potential 

roles of the hub genes in modulating the PI3K/AKT 

signaling pathway. For instance, MAPK1 is linked to 

cell proliferation and survival, suggesting its involve-

ment in tumor growth and therapy resistance 30. 

STAT1, as a transcription factor, may influence the 

expression of genes that regulate the PI3K/AKT path-

way, impacting cellular responses to disease signals 31. 

TRAF6 is known to activate AKT, promoting cell sur-

vival in cancer contexts 32, while ERRB4 is associated 

with signaling cascades that intersect with this path-

way, particularly in breast cancer progression 33. The 

miR-194 interacts with the PI3K/AKT signaling path-

way, a crucial cascade that regulates cell growth, sur-

vival, and metabolism. Activation of this pathway 

promotes cell survival and proliferation, often exploit-

ed by cancer cells, and is associated with chemothera-

py resistance 34. The interplay between miR-194 and 

the PI3K/AKT pathway is significant in breast cancer, 

as low levels of miR-194 and aberrant activation of the 

PI3K/AKT pathway can serve as prognostic bio-

markers linked to poorer outcomes and aggressive tu-

mor characteristics. 

Overall, the findings underscore the importance of 

miR-194 and the PI3K/AKT pathway in breast cancer 



144 

Hsa_Circ_O052112 as Breast Cancer Biomarker 

Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025     144 

biology, offering insights that could inform prognostic 

assessments and therapeutic strategies aimed at target-

ed interventions in breast cancer management. Addi-

tionally, hsa_circ_0052112 may modulate the PI3K/ 

AKT pathway by acting as a sponge for microRNAs, 

thereby upregulating target hub genes, and influencing 

RNA-binding proteins and the transcription of nearby 

genes. The interactions between hsa_circ_0052112 and 

the hub genes could significantly affect breast cancer 

progression, as enhanced PI3K/AKT activation is 

commonly linked to increased cell proliferation, sur-

vival, and metastasis. These insights may inform future 

therapeutic strategies targeting the dysregulated PI3K/ 

AKT pathway in breast cancer. 

The phosphatidylinositol 3-kinase (PI3K)/Akt path-

way plays a pivotal role in various cellular processes 

and is aberrantly engaged in cancers, contributing to 

the manifestation and progression of tumors. PI3K/ 

AKT signaling pathway is a critical intracellular sig-

naling pathway that regulates multiple cellular func-

tions, including growth, proliferation, survival, and 

metabolism. This pathway is often activated in re-

sponse to growth factors and hormones, playing a sig-

nificant role in normal cellular processes 35.  

The mechanism of action of PI3K enzymes PI3K/ 

AKT signaling pathway is as follows: phosphorylate 

phosphatidylinositol to generate phosphatidylinositol 

3,4,5-trisphosphate (PIP3), which activates AKT, lead-

ing to its translocation to the plasma membrane and 

subsequent phosphorylation. This activation promotes 

cell survival, growth, and metabolism, thereby facilitat-

ing cell proliferation and inhibiting apoptosis, which 

can contribute to tumor growth, particularly in breast 

cancer 36. In hormone receptor-positive breast cancers, 

estrogen signaling can aberrantly activate this pathway, 

enhancing tumor growth and metastasis 37. As men-

tioned earlier The PI3K/AKT pathway is one of the 

most frequently over-activated intracellular pathways 

in several human cancers. This pathway, influencing 

various downstream target proteins, contributes to the 

carcinogenesis, proliferation, invasion, and metastasis 

of tumor cells. A multi-level impairment, including 

mutation, aberrant regulation of miRNAs, and aberrant 

phosphorylation of cascade factors, has been revealed 

in multiple cancer types. The deregulation of this 

pathway counteracts common therapeutic strategies 

and contributes to multidrug resistance. Interpretation 

of this pathway is essential for developing effective 

treatment strategies and personalized medicine ap-

proaches in breast cancer management 38. 

The PI3K/AKT signaling pathway is crucial in 

breast cancer progression, affecting growth, survival, 

metabolism, and motility. It is activated by growth 

factors and hormones, leading to AKT activation, 

which promotes cell cycle progression and tumor 

growth while inhibiting apoptosis. This pathway sup-

ports the energy demands of rapidly proliferating tu-

mor cells and enhances the tumor microenvironment 

through angiogenesis and metastasis. In hormone re-

ceptor-positive breast cancers, estrogen further stimu-

lates this pathway, contributing to resistance against 

therapies like tamoxifen. Targeting the PI3K/AKT 

pathway is a focus of therapeutic interventions, alt-

hough resistance is common, highlighting the need for 

combination therapies. Mutations in related genes, such 

as PIK3CA, are prevalent in breast cancer, underscor-

ing the pathway's significance 39. 

 

Conclusion 
 

The study highlights the significant upregulation of 

hsa_circ_0052112 in breast cancer patients, particular-

ly in advanced stages and in association with specific 

receptor statuses, suggesting its potential role as a bi-

omarker and therapeutic target. Additionally, the in-

volvement of miR-194 and the PI3K/AKT signaling 

pathway underscores the complexity of gene regulation 

in breast cancer, emphasizing the need for further re-

search to explore their implications in disease progres-

sion and treatment strategies. 

While our study provides valuable insights into the 

role of hsa_circ_0052112, it is important to acknow-

ledge certain limitations, including the relatively small 

sample size, which may affect the generalizability of 

our findings. Additionally, the absence of external val-

idation in larger, more diverse cohorts restricts our 

ability to draw definitive conclusions regarding its clin-

ical relevance. Future research should focus on expand-

ing the sample size and conducting multicenter studies 

to validate our results in broader populations. Further-

more, exploring the therapeutic implications of hsa_ 

circ_0052112 could lead to novel interventions, neces-

sitating investigations into its functional mechanisms 

and potential applications in targeted therapies. This 

approach may enhance our understanding of its role in 

disease pathology and pave the way for innovative 

treatment strategies. 
 

Acknowledgement 
 

We sincerely thank all the individuals who partici-

pated in this study. We would like to acknowledge 

Prof. Mozdarani and Prof. Kaviani for their support. 

This work was supported by a grant from NIGEB 

(Grant No. 805). The ethical code number is IR.MO-

DARES.REC.1398.148. 
 

Conflict of Interest 
 

No potential conflicts of interest were disclosed by 

the authors. 
 

References 
 

1. Feinberg AP, Vogelstein B. Hypomethylation distin-

guishes genes of some human cancers from their normal 

counterparts. Nature 1983;301(5895):89-92.  
 

2. Baylin SB, Jones PA. A decade of exploring the cancer 

epigenome-biological and translational implications. Nat 

Rev Cancer 2011;11(10):726-34.  



Alizadeh M and Salimi M 

 Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025  145 

3. Schröder R, Illert AL, Erbes T, Flotho C, Lübbert M, 

Duque-Afonso J. The epigenetics of breast cancer - Op-

portunities for diagnostics, risk stratification and therapy. 

Epigenetics 2022;17(6):612-24.  
 

4. Thakur C, Qiu Y, Fu Y, Bi Z, Zhang W, Ji H, et al. Epi-

genetics and environment in breast cancer: New para-

digms for anti-cancer therapies. Front Oncol 2022;12: 

971288.  
 

5. Nasirpour MH, Salimi M, Majidi F, Minuchehr Z, Moz-

darani H. Study of DACH1 Expression and its Epigenetic 

Regulators as Possible Breast Cancer-Related Bio-

markers. Avicenna J Med Biotechnol 2023;15(2):108-17.  
 

6. Feng Y, Spezia M, Huang S, Yuan C, Zeng Z, Zhang L, 

et al. Breast cancer development and progression: Risk 

factors, cancer stem cells, signaling pathways, genomics, 

and molecular pathogenesis. Genes Dis 2018;5(2):77-

106.  
 

7. Wang Y, Zhang J, Yang Y, Liu Z, Sun S, Li R, et al. 

Circular RNAs in human diseases. MedComm (2020) 

2024;5(9):e699.  
 

8. Wan B, Liu B, Lv C. Progress of research into circular 

RNAs in urinary neoplasms. PeerJ 2020; 8:e8666.  
 

9. Dragomir MP, Calin GA. CpG island hypermethylation 

go circular (RNA). Oncotarget 2018;9(69):33052-3.  
 

10. Larkin L. Breast cancer genetics and risk assessment: an 

overview for the clinician. Climacteric 2023 Jun;26(3): 

229-34.  
 

11. Shayan S, Arashkia A, Bahramali G, Azadmanesh K. 

Investigating the Effects of HMGB1 Overexpression on 

Colorectal Cancer Cell Migration via Oncolytic Herpes 

simplex Virus Type 1 (oHSV-1). Avicenna J Med Bio-

technol 2024;16(2):120-9.  
 

12. Erdogan C, Suer I, Kaya M, Ozturk S, Aydin N, Kurt Z. 

Bioinformatics analysis of the potentially functional 

circRNA-miRNA-mRNA network in breast cancer. 

PLoS One 2024;19(4):e0301995.  
 

13. Zhang HD, Jiang LH, Hou JC, Zhong SL, Zhou SY, Zhu 

LP, et al. Circular RNA hsa_circ_0052112 promotes cell 

migration and invasion by acting as sponge for miR-

125a-5p in breast cancer. Biomed Pharmacother 2018; 

107:1342-53.  
 

14. Conn VM, Chinnaiyan AM, Conn SJ. Circular RNA in 

cancer. Nat Rev Cancer 2024;24(9):597-613.  
 

15. Cieśla M, Darmochwal-Kolarz DA, Kwaśniak K, Pałka 

A, Kolarz B. Plasma Circular-RNA 0005567 as a Poten-

tial Marker of Disease Activity in Rheumatoid Arthritis. 

Int J Mol Sci 2023;25(1):417.  
 

16. Vellan CJ, Islam T, De Silva S, Mohd Taib NA, Prasan-

na G, Jayapalan JJ. Exploring novel protein-based bi-

omarkers for advancing breast cancer diagnosis: A re-

view. Clin Biochem 2024;129:110776.  
 

17. Xu J, Gao H, Guan X, Meng J, Ding S, Long Q, et al. 

Circulating tumor DNA: from discovery to clinical appli-

cation in breast cancer. Front Immunol 2024;15: 

1355887.  
 

18. Zhu M, Gao Y, Zhu K, Yuan Y, Bai H, Meng L. Exoso-

mal miRNA as biomarker in cancer diagnosis and prog-

nosis: A review. Medicine (Baltimore) 2024;103(42): 

e40082.  
 

19. Li X, Kazan H, Lipshitz HD, Morris QD. Finding the 

target sites of RNA-binding proteins. Wiley Interdiscip 

Rev RNA 2014;5(1):111-30.  
 

20. Nakanishi K. Anatomy of four human Argonaute pro-

teins. Nucleic Acids Res 2022; 50(12):6618-38.  
 

21. Hu B, Chen R, Jiang M, Xiong S, Liu X, Fu B. EIF4A3 

serves as a prognostic and immunosuppressive microen-

vironment factor and inhibits cell apoptosis in bladder 

cancer. PeerJ. 2023;11:e15309.  
 

22. Huang Q, Gu S, Fang J, Li X, Lin L. A pan-cancer analy-

sis of the oncogenic role of polypyrimidine tract binding 

protein 1 (PTBP1) in human tumors. Medicine (Balti-

more) 2022;101(52):e32428.  
 

23. Kim WR, Park EG, Lee DH, Lee YJ, Bae WH, Kim HS. 

The Tumorigenic Role of Circular RNA-MicroRNA Ax-

is in Cancer. Int J Mol Sci 2023; 24(3):3050.  
 

24. Fraboulet RM, Si Ahmed Y, Aubry M, Corre S, Galibert 

MD, Blum Y. Cirscan: a shiny application to identify dif-

ferentially active sponge mechanisms and visualize 

circRNA-miRNA-mRNA networks. BMC Bioinformat-

ics 2024;25(1):53.  
 

25. Yen YT, Yang JC, Chang JB, Tsai SC. Down-Regulation 

of miR-194-5p for Predicting Metastasis in Breast Can-

cer Cells. Int J Mol Sci 2021;23(1):325.  
 

26. Caetano S, Garcia AR, Figueira I, Brito MA. MEF2C 

and miR-194-5p: New Players in Triple Negative Breast 

Cancer Tumorigenesis. Int J Mol Sci 2023;24(18):14297.  
 

27. Yang F, Xiao Z, Zhang S. Knockdown of miR-194-5p 

inhibits cell proliferation, migration and invasion in 

breast cancer by regulating the Wnt/β-catenin signaling 

pathway. Int J Mol Med 2018; 42(6):3355-63.  
 

28. Sereno M, Haskó J, Molnár K, Medina SJ, Reisz Z, Mal-

hó R, et al. Downregulation of circulating miR 802-5p 

and miR 194-5p and upregulation of brain MEF2C along 

breast cancer brain metastasization. Mol Oncol 2020;14 

(3):520-38.  
 

29. Yu M, Du H, Zhang C, Shi Y. miR-192 family in breast 

cancer: Regulatory mechanisms and diagnostic value. 

Biomed Pharmacother 2024;175:116620.  
 

30. Braicu C, Buse M, Busuioc C, Drula R, Gulei D, Raduly 

L, et al. A Comprehensive Review on MAPK: A Promis-

ing Therapeutic Target in Cancer. Cancers (Basel) 2019; 

11(10):1618.  
 

31. Yang B, Singh S, Bressani R, Kanmogne GD. Cross-talk 

between STAT1 and PI3K/AKT signaling in HIV-1-

induced blood-brain barrier dysfunction: role of CCR5 

and implications for viral neuropathogenesis. J Neurosci 

Res 2010 Nov 1;88(14):3090-101.  
 

32. Feng L, Feng S, Nie Z, Deng Y, Xuan Y, Chen X, et al. 

TRAF6 Promoted Tumor Glycolysis in Non-Small-Cell 

Lung Cancer by Activating the Akt-HIFα Pathway. Bio-

med Res Int 2021;2021:3431245.  
 

33. Toomey S, Eustace AJ, Fay J, Sheehan KM, Carr A, 

Milewska M, et al. Impact of somatic PI3K pathway and 

ERBB family mutations on pathological complete re- 

 



146 

Hsa_Circ_O052112 as Breast Cancer Biomarker 

Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025     146 

sponse (pCR) in HER2-positive breast cancer patients 

who received neoadjuvant HER2-targeted therapies. 

Breast Cancer Res 2017;19(1):87.  
 

34. Wang C, Fu R, Wang Y, Wei J, Yu Y, Hu L, Zhang C. 

miR-124-3p and miR-194-5p regulation of the PI3K/ 

AKT pathway via ROR2 in medulloblastoma progres-

sion. Cancer Gene Ther 2024;31(6):941-54.  
 

35. He Y, Sun MM, Zhang GG, Yang J, Chen KS, Xu WW, 

et al. Targeting PI3K/Akt signal transduction for cancer 

therapy. Signal Transduct Target Ther 2021;6(1):425.  
 

36. Glaviano A, Foo ASC, Lam HY, Yap KCH, Jacot W, 

Jones RH, et al. PI3K/AKT/mTOR signaling transduc-

tion pathway and targeted therapies in cancer. Mol Can-

cer 2023;22(1):138.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

37. Khatpe AS, Adebayo AK, Herodotou CA, Kumar B, 

Nakshatri H. Nexus between PI3K/AKT and Estrogen 

Receptor Signaling in Breast Cancer. Cancers (Basel) 

2021;13(3):369.  
 

38. Rascio F, Spadaccino F, Rocchetti MT, Castellano G, 

Stallone G, Netti GS, et al. The Pathogenic Role of PI3K/ 

AKT Pathway in Cancer Onset and Drug Resistance: An 

Updated Review. Cancers (Basel) 2021;13(16):3949.  
 

39. Browne IM, André F, Chandarlapaty S, Carey LA, 

Turner NC. Optimal targeting of PI3K-AKT and mTOR 

in advanced oestrogen receptor-positive breast cancer. 

Lancet Oncol 2024 Apr;25(4):e139-e151. Erratum in: 

Lancet Oncol 2024;25(6):e234.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


