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A B S T R A C T   

MicroRNA-126 (miR-126) has become a key player in the biology of cancer, playing a variety of functions in 
carcinogenesis and cancer development. The diagnostic and prognostic potential of miR-126 in diverse cancer 
types is summarized in this thorough analysis, with an emphasis on its role in tumor angiogenesis, invasion, 
metastasis, cell proliferation, apoptosis, and treatment resistance. MiR-126 dysregulation is linked to a higher 
risk of developing cancer and a worse prognosis. Notably, miR-126 affects tumor vascularization and develop
ment by targeting vascular endothelial growth factor-A (VEGF-A). Through its impact on genes involved in cell 
adhesion and migration, it also plays a vital part in cancer cell invasion and metastasis. Additionally, miR-126 
controls drug resistance, apoptosis, and cell proliferation, which affects cancer cell survival and treatment 
response. It may be possible to develop innovative therapeutic approaches to stop tumor angiogenesis, invasion, 
and metastasis, as well as combat drug resistance by focusing on miR-126 or its downstream effectors. The 
versatility of miR-126’s functions highlights the role that it plays in cancer biology. To understand the processes 
behind miR-126 dysregulation, pinpoint precise targets, and create efficient therapies, more investigation is 
required. Utilizing miR-126’s therapeutic potential might have a significant influence on cancer treatment plans 
and patient outcomes.   

1. Introduction 

The neoplastic transformation of normal cells can occur through a 
series of multistep processes of tumorigenesis, ultimately resulting in 
malignancy and the initiation of cancer [1,2]. The investigation of the 
molecular mechanisms underlying the onset and advancement of cancer 
has emerged as a fundamental aspect of cancer research [3]. This line of 
inquiry offers a scientific foundation for devising effective approaches to 
prevent and treat cancer in patients [4]. The dysfunctions of various 
types of regulators are responsible for alterations in gene expressions 
that are associated with cancer [5]. Among these regulators, microRNAs 
(miRNAs) have garnered significant attention in recent decades. The 
biosynthesis of miRNA entails a multifaceted protein process that 

involves the participation of various members of the Argonaute protein 
family, RNA pol II, and the RNase III enzymes (namely, Drosha and 
Dicer) [6]. Following transcription by RNA polymerase II, the lengthy 
precursor molecule (pri-miRNA) undergoes processing to yield a sec
ondary transcript featuring a hairpin structure of approximately 70 
nucleotides, referred to as the precursor-miRNA (pre-miRNA) [7,8]. 
Subsequent to its initial formation, the pre-miRNA undergoes further 
enzymatic modifications facilitated by the ribonuclease Dicer [9]. The 
occurrence of this cleavage phenomenon leads to the generation of a 
miRNA duplex that is approximately 22 nucleotides in length and con
sists of mature miRNA. Subsequently, the mature double-stranded RNA 
interacts with Argonaute proteins to generate the RNA-induced silencing 
complex (RISC), which regulates the translation of target mRNA 
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containing complementary sequences in the 3′ untranslated region 
(UTR) [10,11]. miRNAs possess the ability to target a significant pro
portion of messenger RNAs (mRNAs), thereby conferring upon them 
crucial regulatory functions in a wide range of physiological and 
developmental processes. The regulation of gene expression through 
miRNA is of utmost importance in the cellular response to environ
mental stressors, including but not limited to starvation, hypoxia, 
oxidative stress, and DNA damage. This process has been linked to 
various human diseases, including cancer. The dysregulation of miRNA 
expression has been found to be closely associated with cancer initia
tion, progression, and metastasis. It has been observed that a consider
able number of miRNAs can function as oncogenes or tumor suppressors 
[12]. The miRNA-126 (miR-126) holds significant value as a member of 
the miRNA family. It is encoded by intron 7 of the epidermal growth 
factor-like domain-containing gene 7 (EGFL7) situated on human 
chromosome 9q34.3 [13]. Several studies reported on the existence of 
three distinct EGFL7 isoforms, namely EGFL7 isoforms A, B, and C. 
These isoforms share the same open reading frame but are transcribed 
from distinct promoters and employ alternative exons. MiR-126 has the 
potential to downregulate genes such as mTOR and PIK3R2 at the 
transcriptional level while also indirectly modulating the expression of 
EGFL7 isoform B [14–16]. miR-126 exhibits specificity towards endo
thelial cells and is characterized by its elevated expression levels within 
the endothelial cell population, including both capillaries and larger 
blood vessels [17]. Research has demonstrated a clear association be
tween miR-126 and vascular integrity, angiogenesis, as well as various 
human ailments. According to research, miR-126 has the potential to 
impede tumor growth by selectively targeting multiple genes, including 
but not limited to IRS, VEGF, and PI3K. In the case of cancers, miR-126 
has been demonstrated to be involved in non-small cell lung cancer 
(NSCLC) pathogenesis by targeting AKT2 in this cancer [18]. Also, it has 
been suggested that miR-126 has an inhibitory impact on tumorigenesis 
in colitis-associated cancer (CAC) by modulating the intercellular 
communication between intestinal epithelial cells (IECs) and macro
phages through CXCL12-IL-6 signaling [19]. The regulation of signaling 
pathways by miR-126 is a crucial factor in the development of tumors, 
suggesting that miR-126 may hold promise as a therapeutic target for 
cancer treatment [20–22]. The present study endeavors to provide a 
thorough analysis of the importance of miR-126 in the realm of cancer 
therapy, expounding on its diverse functions in tumor angiogenesis, 
invasion, metastasis, cell proliferation, apoptosis, and resistance to 
treatment. Our aim is to offer a thorough comprehension of the potential 
of miR-126 as a therapeutic target in cancer by integrating the existing 
knowledge. The objective of this study is to emphasize the diagnostic 
and prognostic capabilities of the substance in question in different types 
of cancer. Additionally, we intend to investigate its mechanisms of ac
tion in regulating crucial cellular processes and examine its therapeutic 
implications in hindering tumor angiogenesis, averting invasion and 
metastasis, encouraging apoptosis, and surmounting treatment resis
tance. The purpose of this review is to highlight the significance of 
miR-126 as a potential target for future therapeutic interventions, which 
could lead to the creation of novel approaches aimed at enhancing the 
efficacy of cancer treatment. 

2. MicroRNA-126 expression in cancer 

MiR-126, a miRNA that is specific to endothelial cells, has been 
implicated in various pathological conditions, including but not limited 
to diabetes, Parkinson’s disease, viral myocarditis, and ischemic stroke. 
The expression of MiR-126 has been shown to potentially mitigate the 
progression of diabetes, Parkinson’s disease, and ischemic stroke. 
However, it may also increase the likelihood of viral myocarditis [23, 
24]. In addition to the aforementioned medical conditions, miR-126 is 
deemed to be intricately associated with neoplastic growth. The 
expression of MiR-126 has been observed to be reduced in cancerous 
cells of various anatomical systems, including the endocrine glands, 

reproductive system, digestive system, and respiratory system [25–27]. 
The discovery of MiR-126 was initially made through sequencing in 200, 
specifically in the heart of the Mus musculus species [28]. According to 
reports, miR-126 is detectable in high levels in tissues with a high degree 
of vascularity, such as the heart, liver, and lungs, as well as in cells of the 
endothelial lineage. This microRNA is known to play important roles in 
developmental angiogenesis and maintaining vascular integrity [29]. 
The study conducted by Langraf and colleagues revealed that miR-126 
exhibits tissue-specific expression in various bodily systems, including 
the hematopoietic, respiratory, digestive, and reproductive systems, 
with a notable presence in the cardiovascular system [30]. According to 
the research conducted by Harris et al., miR-126 exhibits a significant 
level of expression in lung and heart tissues that are rich in the endo
thelium, as well as in primary cultured endothelial cells. However, this 
expression is not observed in vascular smooth muscle cells and leukocyte 
cell lines [31]. The gene encoding for MiR-126 is situated within the 
intron of the EGFL7 gene and is predominantly expressed by endothelial 
cells. The precursor molecule pre-miR-126 undergoes processing to 
yield two distinct mature subtypes, namely miR-126–3p, and 
miR-126–5p. These subtypes are present in significant quantities within 
endothelial cells. The regulatory function of MiR-126 extends to 
numerous target genes, and its regulatory network is further influenced 
by a diverse range of miRNAs. This interplay contributes to the intricate 
and multifaceted involvement of MiR-126 in various pathological con
ditions [29,32]. Numerous investigations have documented the down
regulation of miR-126 in various cancer categories, suggesting its 
potential role as a tumor suppressor gene through the inhibition of 
several oncogenes and signaling pathways [33]. The findings of a study 
indicated a significant decrease in the expression of miR-126 in glio
blastoma samples as compared to the corresponding non-tumoral con
trols. The findings propose that patients with glioblastoma who exhibit 
elevated intratumoral miR-126 expression levels experience a note
worthy increase in survival duration compared to those with lower 
levels of miR-126 [34]. The expression of MiR-126 was found to be 
decreased in hepatocellular carcinoma tissues in comparison to its 
expression in noncancerous tissues [35]. The down-regulation of 
miR-126 in metastatic clear cell renal cell carcinoma (ccRCC) in com
parison to primary ccRCC was demonstrated by researchers. The re
searchers have demonstrated that the expression of miR-126 has the 
potential to differentiate between subtypes of renal cell carcinoma, 
specifically clear cell renal cell carcinoma and papillary renal cell car
cinoma. An increased level of miR-126 was found to be correlated with a 
prolonged survival period. The miR-126 molecule exhibited prognostic 
significance in the subset of patients with larger tumors [36]. A study 
revealed a notable increase in the expression of ADAM-9, whereas a 
decrease in the expression of miR-126 is observed in osteosarcoma tu
mors in humans. The findings of the association analysis indicate that 
there is a significant involvement of upregulation of ADAM-9 and 
downregulation of miR-126 in the development of advanced clinical 
stage and distant metastasis [37]. Additionally, it has been suggested 
that the expression of miR-126–3p was diminished in cell lines of 
triple-negative breast cancer (TNBC). The results of functional assays 
demonstrated that the overexpression of miR-126–3p had an inhibitory 
effect on various cellular processes, including cell proliferation, migra
tion, invasion, colony formation capacity, and vasculogenesis [38]. 
Furthermore, it has been observed that miR-126 exhibits an upregula
tion in endothelial progenitor cells (EPCs). Suppression of miR-126 
expression has been found to impede the proliferation, invasion, and 
migration of EPCs. Additionally, it can hinder the cell cycle and stimu
late apoptosis in EPCs [39]. Moreover, it was discovered that the 
expression of miR-126 was significantly reduced in cases of ovarian 
cancer. Furthermore, the reduction of miR-126 was found to enhance 
the aggressive characteristics and predict unfavorable outcomes in in
dividuals with ovarian cancer [40]. It was identified AKT2 kinase as a 
direct target of miR-126–3p. Ectopic expression and platelet 
MV-mediated delivery of miR-126–3p downregulated AKT2 expression, 
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suppressing cell proliferation and invasion in different breast cancer 
subtypes [41]. Moreover, miR-126–5p could downregulate EZH2, pro
moting the expression of KLF2 and inhibiting BIRC5 activation. Elevated 
miR-126–5p enhances the sensitivity of lung adenocarcinoma cells to 
radiotherapy by inhibiting cell migration, promoting apoptosis, and 
downregulating BIRC5 via the EZH2/KLF2 axis. These findings suggest 
that miR-126–5p-mediated regulation of the EZH2/KLF2/BIRC5 axis 
enhances radiosensitivity in lung adenocarcinoma cells [42]. In ER+
breast cancer (BC), miR-126 is downregulated, and its modulation has 
been investigated for its role in tumorigenesis. The study showed that 
miR-126 overexpression significantly reduced proliferation and mam
mosphere formation in ER+ BC cells, indicating its tumor-suppressive 
function. In silico analysis identified potential targets of miR-126, 
including SLC7A5 and PLXNB2, which were downregulated upon 
miR-126 overexpression. Moreover, high expression of miR-126 or low 
expression of SLC7A5 correlated with better overall survival in ER+ BC 
patients [43]. Another study demonstrated that miRNA-126 expression 
was significantly lower in SW579 cells compared to normal thyroid cells. 
Overexpression of miRNA-126 in SW579 cells led to decreased cell 
survival, increased apoptosis, and reduced cell migration. Additionally, 
the study found that miRNA-126 inhibited the Notch-1/Akt pathway by 
upregulating intracellular reactive oxygen species. These findings sug
gest that miRNA-126 plays a role in inhibiting the proliferation and 
migration of thyroid cancer cells and inducing apoptosis [44]. 

3. MicroRNA-126 targets and signaling pathways 

MicroRNA-126 has been detected in various cancer types such as 
lung, breast, gastric, colorectal, glioblastoma, bladder, and prostate. Its 
role in cancer is complex, as it may function as a tumor suppressor by 
inhibiting oncogenes or as a tumor promoter by inhibiting tumor sup
pressors (Table 1). A study has uncovered that SOX2 has significant 
implications in impeding growth by inducing cell cycle arrest and 
apoptosis. These findings suggest that SOX2 may possess tumor- 
suppressive properties in cells afflicted with gastric cancer. Otsubo 
et al. has recently conducted a study wherein they demonstrated the 
reduction of SOX2 mRNA and protein expression levels in gastric cancer 

cell lines due to the downregulation of miR-126. Furthermore, it was 
discovered that the expression of miR-126 exhibited an inverse corre
lation with the expression of SOX2 in specific cultured and primary 
gastric cancer cells that lacked DNA methylation of SOX2. This suggests 
that the anomalous expression of miR-126 may serve as a new mecha
nism for the down-regulation of SOX2 in gastric cancer. In addition, the 
over-expression of pre-miR-126 was found to enhance the growth of 
gastric cancer cells in both anchorage-dependent and -independent 
manners in vitro. Moreover, it was observed to elevate the expression of 
oncogenic PLAC1 in a cell line of gastric cancer. The results of this study 
indicate that miR-126 may possess oncogenic properties and regulate 
the expression of SOX2 in cells affected by gastric cancer [45]. The study 
conducted by Ichikawa et al. aimed to examine the impact of enforced 
miR-126–3p expression on various cellular processes such as prolifera
tion, migration, invasion, apoptosis, and protein expression in HeLa, a 
cervical cancer cell line. The HeLa cells were transfected with 
miR-126–3p miRNA, and subsequent analysis revealed a significant 
reduction in proliferation, migration, and invasion as determined by cell 
counting, wound healing, and cell migration and invasion assays. These 
findings were in contrast to the results obtained from cells transfected 
with a negative control mimic. The transfection of miR-126–3p resulted 
in decreased levels of phosphoinositide 3 kinase (PI3K), phosphorylated 
3-phosphoinositide-dependent protein kinase-1 (p-PDK1), and p-AKT 
proteins in the cells. The downregulation of phosphorylated 70S6K 
(p-p70S6K), phosphorylated glycogen synthase kinase 3β (p-GSK3β), 
phosphorylated S6K (p-S6K), cyclin D1, phosphorylated p21-activated 
kinase 1 (p-PAK1), Rho-associated coiled-coil containing protein ki
nase 1 (ROCK1), myotonic dystrophy-related CDC42-binding kinases α 
(MRCKα) and phospholipase C γ1 (p-PLCγ1) was observed. This obser
vation implies that miR-126–3p has the potential to inhibit downstream 
effectors of the PI3K/PDK1/AKT pathway [46]. The upregulation of 
microRNA-126 in cell lines of non-small cell lung cancer (NSCLC) 
resulted in a reduction in cellular proliferation in vitro and a decrease in 
tumor growth in the xenograft model of nude mice. The repression of 
PI3K-Akt pathway activity was achieved by microRNA-126 through the 
targeting of binding sites located in the 3′-untranslated region of PI3KR2 
mRNA. The NSCLC lines and tumor tissues exhibited a reduction in the 
expression level of microRNA-126. The study findings indicate that 
patients exhibiting low levels of microRNA-126 expression experienced 
notably reduced survival time compared to those with high 
microRNA-126 expression [47]. Research has shown that an elevated 
expression of miR-126–5p/3p in cases of acute myeloid leukemia is 
associated with an unfavorable prognosis. In addition, it was observed 
that miR-126–5p facilitated resistance to cytarabine through the 
augmentation of Akt phosphorylation [48]. The role of miR-126 in in
vasion was identified by Jia et al. due to its capacity to target ADAM9. A 
noteworthy observation was made regarding the expression of miR-126 
and ADAM9 in muscle-invasive bladder cancer cells, indicating a sig
nificant inverse correlation between the two. It was found that ADAM9 
was upregulated in these cells. The invasiveness of cells exhibiting low 
miR-126 levels was found to be reduced upon knockdown of ADAM9, 
whereas experimental overexpression of ADAM9 reproduced the inva
sive phenotype. Moreover, the evaluation of ADAM9 expression through 
immunohistochemistry demonstrated a significant association with un
favorable prognosis among individuals diagnosed with urothelial car
cinoma. The findings of their research indicate that miR-126 plays a 
crucial role in suppressing tumor growth by targeting ADAM9, thereby 
impeding cellular invasion [49]. A study revealed a significant corre
lation between diminished miR-126 expression and heightened CXCR4 
expression, and the resultant poor prognosis of individuals suffering 
from colorectal cancer (CRC). Additionally, a negative correlation was 
observed between the expression of miR-126 and CXCR4 in CRC speci
mens, suggesting the involvement of a post-transcriptional regulatory 
mechanism. The study has disclosed that miR-126 has the potential to 
serve as a standalone prognostic determinant in CRC. The crucial 
involvement of SDF-1/CXCR4 signaling in cellular adhesion, migration, 

Table 1 
miR-126 and its targets in various cancers.  

Type of cancer Target Mechanism Reference 

Gastric cancer SOX2 Targets downstream pro-oncogenic 
target genes of SOX2, such as PLAC1, 
and contributes to gastric 
carcinogenesis. 

[45] 

Cervical cancer PDK1 inhibits cell migration and invasion and 
induces apoptosis by regulating the 
PI3K/PDK1/AKT pathway 

[46] 

NSCLC PI3KR2 Inhibits tumor cell growth [47] 
Acute myeloid 

leukemia 
Klotho Results in a decrease in the sensitivity to 

cytarabine 
[48] 

Bladder cancer ADAM9 Inhibits cell invasion [49] 
Colorectal 

cancer 
CXCR4 Decreases distant metastasis, clinical 

TNM stage, and poor survival 
[50] 

Prostate cancer ADAM9 Serves a role in the proliferation and 
metastasis 

[51] 

Cervical cancer ZEB1 Inhibits the proliferation, migration and 
invasion by suppressing MMP2, MMP9 
expression and inactivating JAK2/ 
STAT3 signaling pathway 

[52] 

Lung cancer LAT1 Inhibits cell proliferation and 
angiogenesis, with subsequent 
inhibition of mTOR signaling 

[53] 

Colorectal 
cancer 

IRS-1 Suppresses AKT and ERK1/2 activation, 
proliferation, migration, and invasion 
and causes cell cycle arrest 

[54] 

NSCLC VEGFA Increases the sensitivity of cells to 
anticancer agents through negative 
regulation of a VEGF/PI3K/Akt/MRP1 
signaling pathway 

[55]  
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and metastasis underscores the plausible correlation between reduced 
levels of miR-126 and the gravity of the ailment in CRC sufferers. This 
association can be attributed to the conceivable control of CXCR4 
expression by miR-126 [50]. The findings of another study indicated a 
notable reduction in miR-126 expression within both prostate cancer 
(PCa) tissues and cell lines. In vitro, experiments have shown that 
overexpression of miR-126 can lead to a reduction in prostate cancer cell 
proliferation and metastasis, as well as a reversal of the 
epithelial-mesenchymal transition process. Furthermore, ADAM9, 
which is the intended gene of miR-126, was observed to be upregulated, 
thereby restoring various cellular processes such as proliferation, 
migration, and invasion. Patients who demonstrated elevated levels of 
ADAM9 expression manifested a reduced duration of biochemical 
recurrence-free survival [51]. The expression of miR-126 was found to 
be decreased in both cervical cancer tissues and cells. Furthermore, the 
overexpression of miR-126 resulted in the downregulation of ZEB1. The 
upregulation of miR-126 resulted in the targeting of ZEB1, leading to the 
suppression of MMP2 and MMP9 expression, as well as the deactivation 
of the JAK2/STAT3 signaling pathway. This ultimately resulted in the 
inhibition of in vitro proliferation, migration, and invasion [52]. The 
transfection of miR-126 mimics and antisense inhibitors was utilized to 
achieve overexpression and knockdown of miR-126 in primary human 
lung microvascular endothelial cells (HLMVEC). Elevating miR-126 
expression in HLMVEC resulted in a decrease in cellular proliferation, 
attenuation of tube formation, and an increase in cellular apoptosis. 
Conversely, reducing miR-126 expression promoted cellular prolifera
tion and tube formation. The transcriptomic profile was found to be 
proapoptotic and antiangiogenic in association with miR-126 through 
the use of whole-genome RNA sequencing. Through the implementation 
of validation assays and knockdown methodologies, it has been deter
mined that the impact of miR-126 on angiogenesis in HLMVECs is 
facilitated by the LAT1 (L-type amino acid transporter 1), which oper
ates through the regulation of mTOR signaling [53]. In their study, Zhou 
et al. have reported that miR-126 targets the 3′-UTR of IRS-1 and that 
this interaction leads to the functional downstream regulation of IRS-1. 
The expression of IRS-1 was inhibited by both endogenous miR-126 and 
exogenous miR-126 mimics. In addition, studies involving 
gain-of-function or loss-of-function techniques have demonstrated that 
the upregulation of miR-126 results in the downregulation of IRS-1, 
inhibition of AKT and ERK1/2 activation, suppression of proliferation, 
migration, and invasion of colorectal cancer cells, and induction of cell 
cycle arrest. However, no significant impact on cell apoptosis was 
observed. The downregulation of miR-126 facilitated the aforemen
tioned cellular processes in HCT-116 cells. Furthermore, it led to the 
activation of AKT and ERK1/2 via the upregulation of IRS-1 protein 
expression. The potential involvement of MiR-126 in the modulation of 
the biological behavior of CRC cells has been suggested. This may occur, 
at least in part, through the targeting of IRS-1 via AKT and ERK1/2 
signaling pathways [54]. Furthermore, it has been documented for the 
initial instance that miR-126 played a role in controlling the reaction of 
NSCLC cells to chemotherapy for cancer treatment. Upon transfecting 
A549 cells with miR-126 mimic or inhibitor, it was observed that an 
augmented expression of miR-126 was significantly correlated with a 
reduced half maximal inhibitory concentration of adriamycin (ADM), 
and vincristine, an escalated accumulation of ADM, a down-regulation 
of vascular endothelial growth factor A (VEGFA) and multidrug 
resistance-associated protein 1 (MRP1), and inactivation of the Akt 
signaling pathway. In addition, the upregulation of miR-126 resulted in 
the inhibition of A549 xenograft growth and downregulation of VEGFA 
and MRP1 expression. The interaction between miR-126 and the 3′-un
translated region of VEGFA led to a significant down-regulation of 
VEGFA expression. However, the suppression of MRP1 by miR-126 was 
only partially attenuated upon restoration of VEGFA. The study found 
that the upregulation of miR-126 in NSCLC cells resulted in increased 
sensitivity to anticancer agents. This effect was found to be negatively 
regulated by the VEGF/PI3K/Akt/MRP1 signaling pathway. The 

inhibitor LY294002, which targets the PI3K/Akt pathway, was observed 
to reduce this effect [55]. In vitro, it was observed that miR-126 
impeded the formation of tubes in HUVECs through its interaction 
with the EGFL7 gene, leading to a reduction in EGFL7 expression. 
Additionally, the PI3K/AKT signaling pathway was down-regulated. The 
administration of atorvastatin resulted in an augmentation of tube for
mation in traumatic brain injury (TBI) rat models, which was attributed 
to the up-regulation of PI3K/AKT signaling pathway and an increase in 
EGFL7 expression [56]. Moreover, the ectopic upregulation of miR-126 
exhibited inhibitory effects on the proliferation, invasion, and migration 
of ovarian cancer cells. It is plausible that miR-126 may impede the 
metastasis and growth of ovarian cancer tumors through the modulation 
of the ERK/MAPK signaling pathway and EMT. The study has identified 
EGFL7 as a potential target of miR-126, which negatively regulates the 
former and provides to the progression of ovarian cancer. This suggests 
that miR-126 may act as a tumor suppressor for ovarian cancer by tar
geting EGFL7 [40]. 

4. Clinical significance of microRNA-126 in cancer 

The non-coding RNA known as miR-126 has been identified as a 
noteworthy entity with potential diagnostic and prognostic value in the 
context of cancer. The anomalous manifestation of miR-126 has been 
detected in diverse categories of cancer, and its irregularity has been 
associated with the commencement, advancement, metastasis, and re
action to the treatment of tumors. This section will examine the diag
nostic and prognostic implications of miR-126 in cancer, as well as its 
underlying molecular mechanisms. 

The findings of a study indicated a significant correlation between 
reduced miR-126 expression and the advancement of oral squamous cell 
carcinoma (OSCC), as well as the presence of nodal metastasis, increased 
vessel density, and unfavorable prognosis [57]. The expression levels of 
miR-126 were found to be lower in glioblastoma tumor tissues as 
compared to the adjacent non-tumor brain tissues. It was observed that 
patients who exhibited elevated intratumoral miR-126 expression had a 
considerably enhanced duration of survival, suggesting that a reduced 
downregulation of miR-126 could be linked to a more favorable prog
nosis [34]. A new study reveals that in cases of CRC, a decrease in 
miR-126 expression and an increase in CXCR4 protein expression are 
linked to the occurrence of distant metastasis, advanced clinical stage, 
and unfavorable overall survival. Furthermore, miR-126 has been 
recognized as a self-reliant prognostic determinant in patients with CRC 
[50]. The diagnostic and prognostic efficacy of miR-126 in NSCLC is a 
topic of debate in the academic literature. A meta-analysis was per
formed to investigate the expression of miR-126 and its potential diag
nostic and prognostic significance in NSCLC. The meta-analysis 
encompassed a total of thirteen studies, and the collective findings 
revealed that miR-126 exhibited a moderate level of diagnostic efficacy 
for NSCLC, as evidenced by a combined sensitivity of 0.83 and speci
ficity of 0.83. The analysis of prognostic factors indicated that reduced 
levels of miR-126 were linked to unfavorable outcomes in terms of 
overall survival, with a hazard ratio of 0.79. The results of this study 
indicate that miR-126 has the potential to function as a diagnostic 
biomarker and prognostic indicator for NSCLC [58]. The latest investi
gation assessed the expression of miR-126 in tumor tissue obtained from 
a cohort of 452 patients diagnosed with colon cancer. The findings of the 
analysis indicated that a significant correlation existed between elevated 
expression levels of miR-126 in both tumor cells and adjacent tumor 
stroma and enhanced disease-specific survival. The results of the 
multivariate analysis indicated that elevated levels of miR-126 expres
sion in neoplastic cells were a significant and autonomous prognostic 
factor for improved outcomes, particularly in individuals with stage II 
colon cancer. The results indicate that miR-126 has the potential to serve 
as a favorable prognostic indicator in colon cancer patients with stage 
I-III, enabling the identification of those who could derive therapeutic 
benefits from adjuvant chemotherapy [59]. Patients diagnosed with 
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esophageal adenocarcinoma (EAC) and exhibiting elevated levels of 
miR-126 expression demonstrated unfavorable survival outcomes. The 
functional assays conducted on EAC cell lines revealed that modulation 
of miR-126 expression had discernible effects on genes associated with 
cell death, DNA repair, and the secretion of angiogenic and 
pro-inflammatory factors. Moreover, miR-126 was found to modulate 
the viability of tumor cells and the expression of genes associated with 
both pro- and anti-apoptotic pathways. Elevated miR-126 expression in 
pre-treatment tumors of patients was found to be significantly correlated 
with unfavorable survival outcomes, regardless of ypN-stage. The 
aforementioned discoveries underscore the significance of miR-126 as a 
plausible prognostic biomarker and therapeutic objective in EAC [60]. 
The expression of miR-126–5p was observed to be notably reduced in 
cases of acute promyelocytic leukemia (APL) in comparison to non-APL 
cases. The miR-126–5p expression levels exhibited a correlation with 
distinct clinical parameters and complete remission. Additionally, these 
factors were recognized as prognostic indicators in patients with APL 
[61]. The incidence and advancement of lung squamous cell carcinoma 
(LUSC) have been linked to reduced expression of miRNA-126–3p. In 
accordance with prior research, the present study has also observed 
diminished levels of miRNA-126–3p expression in LUSC specimens. The 
results of the functional analysis indicate that the target genes of 
miRNA-126–3p participate in biological processes that facilitate the 
progression of LUSC. The potential of miRNA-126–3p as a biomarker for 
early diagnosis and prognosis of LUSC is suggested by its down
regulation [62]. 

The potential of miR-126 as a diagnostic biomarker has been 
demonstrated in various types of cancer. The deregulation of miR-126 
expression has been linked to distinct tumor characteristics, indicating 
its potential as a biomarker for the timely identification and differenti
ation of malignant tumors from benign lesions. Liu and colleagues 
conducted an investigation into the prognostic significance of miR-126 
in the context of epithelial ovarian cancer (EOC). The findings indi
cate that the expression of miR-126 was comparatively reduced in EOC 
tissues, specifically in omental metastases, in contrast to normal tissues. 
Remarkably, individuals with increased miR-126 expression manifested 
unfavorable outcomes in terms of both overall survival and relapse-free 
survival. The results of the multivariate analysis revealed that miR-126 
could be considered an autonomous prognostic determinant for unfa
vorable relapse-free survival in EOC, thus highlighting its potential as a 
biomarker for anticipating recurrence [63]. Furthermore, an additional 
research endeavor examined microRNAs present in extracellular vesi
cles found in urine as plausible biomarkers for the detection of prostate 
cancer. The study revealed that miR-126–3p was observed to be upre
gulated in urinary extracellular vesicles (EVs) of patients with PCa in 
comparison to those who were negative for biopsy. The results of logistic 
regression analysis revealed a significant association between this 
particular microRNA and the ability to predict the presence of prostate 
cancer in biopsy specimens. The results indicate that miR-126–3p ex
hibits superior sensitivity and specificity values compared to serum 
prostate-specific antigen (PSA), thereby highlighting its potential as a 
biomarker for PCa [64]. 

MicroRNAs (miRNAs) have gained significant attention in the field of 
cancer research and therapeutic advancements, particularly in relation 
to miR-126. There exist multiple prospective domains for further 
exploration and therapeutic advancement of miRNAs in the context of 
cancer therapy. Initially, additional investigation is required to clarify 
the mechanistic function of miR-126 in diverse forms of malignancy. 
Gaining comprehension of the precise targets and subsequent signaling 
pathways impacted by the dysregulation of miR-126 would yield valu
able insights into the affected processes and pathways. Subsequently, it 
is imperative to conduct comprehensive research to ascertain the diag
nostic efficacy of miR-126 across various types of cancer. It is imperative 
to conduct extensive clinical trials and validation studies to evaluate the 
diagnostic biomarker’s sensitivity, specificity, and accuracy on a large 
scale. The investigation of its capacity as a non-invasive liquid biopsy 

biomarker has the potential to transform the methods of cancer diag
nosis and surveillance. Thirdly, comprehensive research is necessary to 
clarify the prognostic significance of miR-126 in different types of can
cer. Research endeavors should strive to establish the correlation be
tween the study in question and clinical outcomes, including but not 
limited to survival rates, recurrence rates, metastasis rates, and treat
ment response rates. The comprehension of the prognostic implications 
associated with the dysregulation of miR-126 would facilitate person
alized treatment decisions and patient management. Furthermore, it is 
recommended that research endeavors be directed toward the 
advancement of therapeutic approaches based on miR-126. One po
tential approach is the manipulation of miR-126 expression levels in 
cancer cells through replacement or inhibition. The examination of miR- 
126’s therapeutic potential can be facilitated through preclinical in
vestigations utilizing in vitro and in vivo models. These studies can offer 
significant knowledge regarding the impact of miR-126 on tumor 
growth, angiogenesis, metastasis, and its susceptibility to chemotherapy 
or targeted agents. Furthermore, exploring the potential synergies 
resulting from the integration of miR-126-based interventions with 
established therapeutic approaches such as chemotherapy, immuno
therapy, or targeted therapy represents a promising direction for 
forthcoming investigations. The utilization of combinatorial strategies 
has the potential to augment the effectiveness of treatments, surmount 
drug resistance, and enhance patient prognoses. In addition, the devel
opment of delivery systems that are both efficient and targeted for 
miRNA-based therapeutics is of utmost importance. The successful 
clinical translation of miR-126-based therapies necessitates the imple
mentation of strategies aimed at improving stability, enhancing cellular 
uptake, and achieving specific tissue or tumor targeting. Finally, the 
incorporation of miR-126 expression and other pertinent biomarkers 
into treatment decision-making algorithms can expedite the imple
mentation of personalized medicine strategies. The identification of 
patients who are likely to benefit from miR-126-based therapies and the 
optimization of treatment strategies based on individual miRNA profiles 
may lead to improved treatment outcomes. 

5. Target prediction and gene ontology (GO) of targets 

In this study, we utilized miRWalk v.3 [65], a widely used bioin
formatics tool, to predict the targets of miR-126-3p and miR-126–5p. 
The analysis revealed a total of 270 predicted targets for miR-126-3p 
and 72 targets for miR-126–5p (Fig. 1). To gain insights into the po
tential functional roles of these predicted targets, we performed GO 
analysis. The GO analysis provides a systematic way to annotate genes 
and their associated biological processes, cellular components, and 
molecular functions (Fig. 2). The GO analysis of the targets for 
miR-126-3p and miR-126-5p allowed us to categorize these genes based 
on their functional characteristics. The analysis provided valuable in
formation about the potential biological processes and molecular func
tions that these miRNAs may be involved in. EnrichR online tool was 
used to perform GO analysis [66]. 

In terms of biological processes, the analysis identified enriched 
categories that suggest the involvement of miR-126-3p and miR-126-5p 
targets in the regulation of germinal center formation and the regulation 
of hydrolase activity. These findings imply that these miRNAs may play 
important roles in modulating these cellular processes, which are crucial 
for immune responses, protein degradation, and other essential biolog
ical functions. Regarding cellular components, the GO analysis high
lighted specific subcellular locations where the targets of miR-126-3p 
and miR-126-5p are active, such as the early endosome and early en
dosome membrane. The enrichment in these compartments suggests 
that miR-126-3p and miR-126-5p may participate in regulating pro
cesses associated with vesicular trafficking, intracellular sorting, and 
membrane dynamics. Furthermore, the analysis of molecular functions 
associated with the predicted targets revealed interesting insights into 
the biochemical activities and interactions mediated by miR-126-3p and 
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miR-126-5p. Specifically, the enriched molecular functions included 
DNA-methyltransferase activity and tRNA methyltransferase activity. 
These findings suggest that these miRNAs may be involved in epigenetic 
regulation and post-transcriptional modifications of gene expression, 
highlighting their potential impact on cellular processes. Overall, the GO 
analysis of the predicted targets of miR-126-3p and miR-126-5p pro
vides valuable information about the potential roles of these miRNAs in 
regulating important biological processes, their subcellular localization, 
and the molecular functions of their targets. These results open up new 
avenues for further experimental investigations to validate the func
tional relevance of miR-126-3p and miR-126-5p and their targets in the 
context of cancer. 

6. Conclusion 

The potential of miR-126 as a target for cancer diagnosis and therapy 
has been identified. The biomarker in question exhibits promise for 
evaluating cancer risk, specifically in relation to BRCA1 promoter 
methylation in breast and ovarian cancers. The study reveals that 
heightened miR-126 expression in peripheral white blood cells is 
correlated with a reduced likelihood of distant metastasis in breast 
cancer. However, in ovarian cancer, augmented miR-126 expression is 
unexpectedly associated with disease advancement and inferior overall 
survival. The results highlight the intricate and situational character of 
miR-126’s involvement in the advancement of cancer. The potential 
therapeutic implications of miR-126 are noteworthy, given its 

Fig. 1. Network of Predicted Targets of miR-126-3p and miR-126-5p. The figure illustrates the network of predicted targets for miR-126-3p and miR-126-5p, 
generated using bioinformatics analysis. Each node represents a target gene, and the edges depict the potential regulatory relationships between the miRNAs and 
their targets. 
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involvement in the regulation of cancer angiogenesis and invasion. 
Nevertheless, additional investigation is required to comprehensively 
comprehend the functional implications and regulatory mechanisms of 
the aforementioned phenomenon in cancer cells. Furthermore, through 
bioinformatics analysis, a plethora of potential targets for miR-126-3p 
and miR-126-5p have been identified, offering valuable insights into 
the cellular components, biological processes, and molecular functions 
that may be impacted by miR-126. In general, miR-126 exhibits po
tential as a promising area for further exploration and therapeutic 
advancement in the field of oncology. Additional research is necessary to 
clarify the exact mechanisms of action, discover more target genes, and 
investigate the potential of this substance as a therapeutic intervention 
or diagnostic tool. The complex relationship between miR-126 and the 
advancement of cancer underscores the necessity for a thorough 
comprehension of its function in various types of cancer, ultimately 
facilitating the development of individualized therapeutic approaches 
and enhancing patient results. 

Code availability 

Not applicable. 

Funding 

Not applicable. 

CRediT authorship contribution statement 

Abduladheem Turki Jalil: Supervision, Conceptualization, Writing 
– original draft. Mohanad Ali Abdulhadi and Lubna R. Al-Ameer: 
Data curation, Writing – review & editing. Rahman S. Zabibah and 
Hussein Abdullah Abbas: Data curation, Writing – review & editing. 
Ali A. Fadhil and Muna S. Merza: Writing – review & editing. All au
thors have read and approved the final version of the manuscript. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Not applicable. 

Fig. 2. Bar Graphs of GO Analysis Results. The figure presents the results of the GO analysis conducted using the EnrichR online tool. The bar graphs depict the 
enriched GO categories associated with the predicted targets of miR-126–3p and miR-126–5p. The y-axis represents the GO categories, while the x-axis represents the 
significance level. Each bar represents a specific GO category, and its height reflects the degree of enrichment or significance. 

A.T. Jalil et al.                                                                                                                                                                                                                                  



Pathology - Research and Practice 248 (2023) 154631

8

References 

[1] F. Mohammadian, et al., Chrysin alters microRNAs expression levels in gastric 
cancer cells: possible molecular mechanism, Drug Res. 67 (09) (2017) 509–514. 

[2] S. Talaei, et al., 17-Allylamino-17-demethoxygeldanamycin loaded PCL/PEG 
nanofibrous scaffold for effective growth inhibition of T47D breast cancer cells, 
J. Drug Deliv. Sci. Technol. 49 (2019) 162–168. 

[3] S. Sarhadi, et al., A systems biology approach provides deeper insights into 
differentially expressed genes in taxane-anthracycline chemoresistant and non- 
resistant breast cancers, Asian Pac. J. Cancer Prev. 18 (10) (2017) 2629. 

[4] Z. Hillel, Z. Alabady, Targeting of CD38 and other NAD-dependent Enzymes in 
Leukemia Patients, Journal of Biomedicine and Biochemistry 2 (2) (2023) 26–33, 
https://doi.org/10.57238/jbb.2023.6952.1036. 

[5] M. Chatran, et al., Synergistic anti-proliferative effects of metformin and silibinin 
combination on T47D breast cancer cells via hTERT and cyclin D1 inhibition, Drug 
Res. 68 (12) (2018) 710–716. 

[6] S.H. Alshahrani, et al., Metabolic reprogramming by miRNAs in the tumor 
microenvironment: Focused on immunometabolism, Front. Oncol. 12 (2022) 
1042196. 

[7] Y. Lee, et al., MicroRNA genes are transcribed by RNA polymerase II. The, EMBO J. 
23 (20) (2004) 4051–4060. 

[8] J. Gupta, et al., Prostate Cancer and microRNAs: New insights into Apoptosis, 
Pathol. -Res. Pract. (2023), 154436. 

[9] Y. Lee, et al., MicroRNA maturation: stepwise processing and subcellular 
localization, EMBO J. 21 (17) (2002) 4663–4670. 

[10] D.P. Bartel, MicroRNAs: genomics, biogenesis, mechanism, and function, cell 116 
(2) (2004) 281–297. 

11 Gupta, J., et al., Angiogenesis and Prostate cancer: microRNAs comes into view. 
Pathology-Research and Practice, 2023: p. 154591. 

[12] G. Di Leva, M. Garofalo, C.M. Croce, MicroRNAs in cancer, Annu. Rev. Pathol.: 
Mech. Dis. 9 (2014) 287–314. 

[13] Y. Peng, et al., MiR-126 inhibits the proliferation of myocardial fibroblasts by 
regulating EGFL7-mediated EGFR signal pathway, Int J. Clin. Exp. Med 10 (4) 
(2017) 6158–6166. 

[14] Y. Saito, et al., Epigenetic therapy upregulates the tumor suppressor microRNA- 
126 and its host gene EGFL7 in human cancer cells, Biochem. Biophys. Res. 
Commun. 379 (3) (2009) 726–731. 

[15] L. Wei, et al., MicroRNA-126 inhibit viability of colorectal cancer cell by repressing 
mTOR induced apoptosis and autophagy, OncoTargets Ther. 13 (2020) 2459. 

[16] L. Song, et al., MicroRNA-126 targeting PIK3R2 inhibits NSCLC A549 cell 
proliferation, migration, and invasion by regulation of PTEN/PI3K/AKT pathway, 
Clin. lung Cancer 17 (5) (2016) e65–e75. 

[17] Y. Zheng, et al., MicroRNA‑126 suppresses the proliferation and migration of 
endothelial cells in experimental diabetic retinopathy by targeting polo‑like kinase 
4, Int. J. Mol. Med. 47 (1) (2021) 151–160. 

[18] B. Huang, et al., miR-126 regulates the proliferation, migration, invasion, and 
apoptosis of non-small lung cancer cells via AKT2/HK2 axis, IUBMB life 75 (3) 
(2023) 186–195. 

[19] S. Wu, et al., miR-126 downregulates CXCL12 expression in intestinal epithelial 
cells to suppress the recruitment and function of macrophages and tumorigenesis in 
a murine model of colitis-associated colorectal cancer, Mol. Oncol. 16 (19) (2022) 
3465–3489. 

[20] C. Guo, et al., The noncoding RNA, miR-126, suppresses the growth of neoplastic 
cells by targeting phosphatidylinositol 3–kinase signaling and is frequently lost in 
colon cancers, Genes Chromosomes Cancer 47 (11) (2008) 939–946. 

[21] R. Feng, et al., miR-126 functions as a tumour suppressor in human gastric cancer, 
Cancer Lett. 298 (1) (2010) 50–63. 

[22] B. Liu, et al., MiR-126 restoration down-regulate VEGF and inhibit the growth of 
lung cancer cell lines in vitro and in vivo, Lung Cancer 66 (2) (2009) 169–175. 

[23] Q. Lin, et al., LncRNA HOTAIR targets miR-126-5p to promote the progression of 
Parkinson’s disease through RAB3IP, Biol. Chem. 400 (9) (2019) 1217–1228. 

[24] F. Olivieri, et al., MiR-21-5p and miR-126a-3p levels in plasma and circulating 
angiogenic cells: relationship with type 2 diabetes complications, Oncotarget 6 
(34) (2015) 35372. 

[25] A. Salajegheh, et al., Interactive role of miR-126 on VEGF-A and progression of 
papillary and undifferentiated thyroid carcinoma, Hum. Pathol. 51 (2016) 75–85. 

[26] X. Zheng, et al., Long noncoding RNA-ATB impairs the function of tumor 
suppressor miR-126-mediated signals in endometrial cancer for tumor growth and 
metastasis, Cancer Biother Radiopharm. 34 (1) (2019) 47–55. 

[27] Z.-C. Nie, et al., MicroRNA-126 is down-regulated in human esophageal squamous 
cell carcinoma and inhibits the proliferation and migration in EC109 cell via PI3K/ 
AKT signaling pathway, Int. J. Clin. Exp. Pathol. 8 (5) (2015) 4745. 

[28] M. Lagos-Quintana, et al., Identification of tissue-specific microRNAs from mouse, 
Curr. Biol. 12 (9) (2002) 735–739. 

[29] J. Meister, M.H. Schmidt, miR-126 and miR-126*: new players in cancer, Sci. 
World J. 10 (2010) 2090–2100. 

[30] P. Landgraf, et al., A mammalian microRNA expression atlas based on small RNA 
library sequencing, Cell 129 (7) (2007) 1401–1414. 

[31] T.A. Harris, et al., Ets-1 and Ets-2 regulate the expression of microRNA-126 in 
endothelial cells, Arterioscler., Thromb., Vasc. Biol. 30 (10) (2010) 1990–1997. 

[32] Q. Yang, et al., Killing two birds with one stone: miR-126 involvement in both 
cancer and atherosclerosis, Eur. Rev. Med Pharm. Sci. 26 (17) (2022) 6145–6168. 

[33] M.M. Naldini, et al., Longitudinal single-cell profiling of chemotherapy response in 
acute myeloid leukemia, Nat. Commun. 14 (1) (2023) 1285. 

[34] I.B. Han, et al., Down-regulation of microRNA-126 in glioblastoma and its 
correlation with patient prognosis: a pilot study, Anticancer Res. 36 (12) (2016) 
6691–6697. 

[35] L.-y Xiang, et al., Loss of tumor suppressor miR-126 contributes to the development 
of hepatitis B virus–related hepatocellular carcinoma metastasis through the 
upregulation of ADAM9, Tumor Biol. 39 (6) (2017), 1010428317709128. 

[36] H.W. Khella, et al., Low expression of miR-126 is a prognostic marker for 
metastatic clear cell renal cell carcinoma, Am. J. Pathol. 185 (3) (2015) 693–703. 

[37] L. Jiang, et al., miR-126 inhibits cell growth, invasion, and migration of 
osteosarcoma cells by downregulating ADAM-9, Tumor Biol. 35 (2014) 
12645–12654. 

[38] Z. Hong, et al., MicroRNA‑126–3p inhibits the proliferation, migration, invasion, 
and angiogenesis of triple‑negative breast cancer cells by targeting RGS3, Oncol. 
Rep. 42 (4) (2019) 1569–1579. 

[39] Z. Kong, et al., MicroRNA-126 promotes endothelial progenitor cell proliferation 
and migration ability via the Notch pathway, Cardiovasc. Diagn. Ther. 10 (3) 
(2020) 490. 

[40] Y. Zhang, et al., MicroRNA‑126 exerts antitumor functions in ovarian cancer by 
targeting EGFL7 and affecting epithelial‑to‑mesenchymal transition and ERK/ 
MAPK signaling pathway, Oncol. Lett. 20 (2) (2020) 1327–1335. 

[41] M. Sibilano, et al., Platelet-derived miR-126-3p directly targets AKT2 and exerts 
anti-tumor effects in breast cancer cells: further insights in platelet-cancer 
interplay, Int. J. Mol. Sci. 23 (10) (2022) 5484. 

[42] F. Han, et al., miR-126–5p enhances radiosensitivity of lung adenocarcinoma cells 
by inhibiting EZH2 via the KLF2/BIRC axis, J. Cell. Mol. Med. 26 (9) (2022) 
2529–2542. 

[43] Z.S. Msheik, et al., miR-126 Decreases Proliferation and Mammosphere Formation 
of MCF-7 and Predicts Prognosis of ER+ Breast Cancer, Diagnostics 12 (3) (2022) 
745. 

[44] Z. Wang, W. Sheng, Z. Mu, miRNA-126 regulates the proliferation, apoptosis and 
migration of thyroid cancer cell SW579 by regulating the notch-1/Akt signaling 
pathway, Chin. J. Endocr. Surg. 16 (1) (2022) 64–69. 

[45] T. Otsubo, et al., MicroRNA-126 inhibits SOX2 expression and contributes to 
gastric carcinogenesis, PloS One 6 (1) (2011), e16617. 

[46] R. Ichikawa, et al., MicroRNA‑126–3p suppresses HeLa cell proliferation, 
migration and invasion, and increases apoptosis via the PI3K/PDK1/AKT pathway, 
Oncol. Rep. 43 (4) (2020) 1300–1308. 

[47] Yang, J., et al., MicroRNA-126 inhibits tumor cell growth and its expression level 
correlates with poor survival in non-small cell lung cancer patients. 2012. 

[48] Y. Shibayama, et al., Upregulation of microRNA-126-5p is associated with drug 
resistance to cytarabine and poor prognosis in AML patients, Oncol. Rep. 33 (5) 
(2015) 2176–2182. 

[49] A. Jia, et al., MicroRNA-126 inhibits invasion in bladder cancer via regulation of 
ADAM9, Br. J. Cancer 110 (12) (2014) 2945–2954. 

[50] Y. Liu, et al., Low expression of microRNA-126 is associated with poor prognosis in 
colorectal cancer, Genes, Chromosomes Cancer 53 (4) (2014) 358–365. 

[51] Y. Hua, et al., MicroRNA‑126 inhibits proliferation and metastasis in prostate 
cancer via regulation of ADAM9, Oncol. Lett. 15 (6) (2018) 9051–9060. 

[52] A. Habeeb, E., J. Hassan, A., & N. Musa, H. (2019). Breast Cancer in Thi-Qar 2018, 
it’s determinants, histopathological presentation and six years’ time trends, A 
comparative study. University of Thi-Qar Journal of Science, 7(1), 72–78. Retrieved 
from https://jsci.utq.edu.iq/index.php/main/article/view/254. 

[53] D. Cao, et al., MicroRNA-126-3p inhibits angiogenic function of human lung 
microvascular endothelial cells via LAT1 (L-type amino acid transporter 1)-medi
ated mTOR (mammalian target of rapamycin) signaling, Arterioscler., Thromb., 
Vasc. Biol. 40 (5) (2020) 1195–1206. 

[54] Y. Zhou, et al., Down-regulation of miR-126 is associated with colorectal cancer 
cells proliferation, migration and invasion by targeting IRS-1 via the AKT and 
ERK1/2 signaling pathways, PloS One 8 (11) (2013), e81203. 

[55] X. Zhu, et al., miR-126 enhances the sensitivity of non-small cell lung cancer cells 
to anticancer agents by targeting vascular endothelial growth factor A, Acta 
Biochim Biophys. Sin. 44 (6) (2012) 519–526. 

[56] Q. Li, et al., microRNA-126 inhibits tube formation of HUVECs by interacting with 
EGFL7 and down-regulating PI3K/AKT signaling pathway, Biomed. Pharmacother. 
116 (2019), 109007. 

[57] T. Sasahira, et al., Downregulation of miR-126 induces angiogenesis and 
lymphangiogenesis by activation of VEGF-A in oral cancer, Br. J. Cancer 107 (4) 
(2012) 700–706. 

[58] L. Sun, et al., Meta-analysis of diagnostic and prognostic value of miR-126 in non- 
small cell lung cancer, Biosci. Rep. 40 (2020) 5. 

[59] H. Selven, et al., High expression of microRNA-126 relates to favorable prognosis 
for colon cancer patients, Sci. Rep. 11 (1) (2021) 9592. 

[60] E. Toxopeus, et al., Tumor microRNA-126 controls cell viability and associates with 
poor survival in patients with esophageal adenocarcinoma, Exp. Biol. Med. 244 
(14) (2019) 1210–1219. 

[61] Zhang, B., et al., Clinical Value of Serum miRNA in Patients with Acute 
Promyelocytic Leukemia. Journal of Oncology, 2022. 2022. 

[62] S.W. Chen, et al., Downregulation of miRNA-126–3p is associated with progression 
of and poor prognosis for lung squamous cell carcinoma. FEBS Open Bio 10 (8) 
(2020) 1624–1641. 

[63] L. Liu, et al., The clinical validity of miR-126 as a prognostic marker in epithelial 
ovarian cancer, Medicine 102 (9) (2023). 

A.T. Jalil et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref1
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref1
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref2
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref2
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref2
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref3
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref3
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref3
https://doi.org/10.57238/jbb.2023.6952.1036
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref5
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref5
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref5
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref6
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref6
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref6
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref7
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref7
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref8
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref8
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref9
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref9
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref10
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref10
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref11
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref11
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref12
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref12
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref12
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref13
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref13
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref13
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref14
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref14
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref15
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref15
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref15
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref16
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref16
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref16
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref17
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref17
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref17
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref18
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref18
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref18
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref18
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref19
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref19
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref19
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref20
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref20
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref21
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref21
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref22
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref22
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref23
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref23
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref23
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref24
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref24
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref25
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref25
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref25
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref26
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref26
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref26
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref27
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref27
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref28
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref28
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref29
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref29
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref30
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref30
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref31
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref31
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref32
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref32
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref33
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref33
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref33
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref34
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref34
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref34
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref35
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref35
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref36
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref36
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref36
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref37
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref37
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref37
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref38
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref38
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref38
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref39
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref39
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref39
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref40
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref40
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref40
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref41
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref41
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref41
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref42
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref42
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref42
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref43
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref43
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref43
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref44
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref44
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref45
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref45
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref45
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref46
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref46
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref46
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref47
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref47
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref48
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref48
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref49
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref49
https://jsci.utq.edu.iq/index.php/main/article/view/254
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref50
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref50
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref50
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref50
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref51
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref51
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref51
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref52
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref52
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref52
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref53
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref53
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref53
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref54
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref54
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref54
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref55
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref55
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref56
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref56
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref57
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref57
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref57
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref58
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref58
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref58
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref59
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref59


Pathology - Research and Practice 248 (2023) 154631

9

[64] K. Matsuzaki, et al., MiR-30b-3p and miR-126-3p of urinary extracellular vesicles 
could be new biomarkers for prostate cancer, Transl. Androl. Urol. 10 (4) (2021) 
1918. 

[65] C. Sticht, et al., miRWalk: an online resource for prediction of microRNA binding 
sites, PloS One 13 (10) (2018), e0206239. 

[66] E.Y. Chen, et al., Enrichr: interactive and collaborative HTML5 gene list 
enrichment analysis tool, BMC Bioinforma. 14 (1) (2013) 1–14. 

A.T. Jalil et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref60
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref60
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref60
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref61
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref61
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref62
http://refhub.elsevier.com/S0344-0338(23)00331-X/sbref62

	The emerging role of microRNA-126 as a potential therapeutic target in cancer: a comprehensive review
	1 Introduction
	2 MicroRNA-126 expression in cancer
	3 MicroRNA-126 targets and signaling pathways
	4 Clinical significance of microRNA-126 in cancer
	5 Target prediction and gene ontology (GO) of targets
	6 Conclusion
	Code availability
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


