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Abstract 

Tumor angiogenesis facilitates cancer progression by supporting tumor growth and metastasis. MicroRNA‑155 
(miR‑155) plays a pivotal role in regulating angiogenesis through both direct effects on tumor and endothelial cells 
and indirect modulation via exosomal communication. This review highlights miR‑155’s pro‑angiogenic influence 
on endothelial cell behavior and tumor microenvironment remodeling. Additionally, exosomal miR‑155 enhances 
intercellular communication, promoting vascularization in several cancers. Emerging therapeutic strategies include 
miR‑155 inhibition using antagomirs, exosome‑mediated delivery systems, and modulation of pathways such 
as JAK2/STAT3 and TGF‑β/SMAD2. Targeting miR‑155 represents a promising approach to hinder tumor angiogenesis 
and improve cancer therapy outcomes.
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Introduction
Angiogenesis—the formation of new blood vessels from 
pre-existing vasculature—is a highly regulated pro-
cess essential for normal physiological functions such 
as embryonic development, wound healing, and tissue 
regeneration. However, in pathological conditions such 
as cancer, angiogenesis becomes dysregulated, leading 
to the formation of abnormal vasculature that supports 
tumor growth and metastasis. Various cancers, including 
melanoma, breast, colorectal, and lung cancers, exploit 
angiogenic pathways to sustain their proliferation and 
facilitate metastatic spread [1].

MicroRNAs (miRNAs) have emerged as critical regu-
lators of gene expression involved in cellular processes 
such as differentiation, apoptosis, and immune response. 
Among them, miR-155 is notable for its multifaceted role 
in inflammation, immunity, metabolism, and oncogen-
esis. Elevated expression of miR-155 has been reported 
in numerous malignancies, where it contributes to tumor 
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progression by influencing the tumor microenvironment, 
enhancing angiogenesis, and modulating immune eva-
sion [2–4].

In recent years, exosomes—small extracellular vesicles 
ranging from 40 to 100 nm—have emerged as important 
mediators of intercellular communication [5]. They are 
secreted by various cell types and carry molecular car-
goes, including proteins, lipids, mRNAs, and non-coding 
RNAs such as microRNAs (miRNAs). Exosomes play 
a significant role in modifying the behavior of recipient 
cells and are increasingly recognized for their involve-
ment in cancer biology, particularly in remodeling the 
tumor microenvironment, promoting metastasis, and 
enhancing angiogenesis. Given their stability in biologi-
cal fluids and ability to reflect the physiological state of 
their originating cells, exosomes are also being explored 
as diagnostic biomarkers and therapeutic delivery vehi-
cles in cancer [5].

Changes in the genes that encode microRNAs or the 
unequal expression of those genes have been proven 
to be substantial contributors to the development of a 

variety of disorders, including malignancies, accord-
ing to research. Elevated levels of miR-155 have been 
discovered in several forms of human cancer. Research 
has demonstrated that in models including malignant 
cells and tissues, elevated levels of miR-155 enhance 
the growth of cancer. This is especially true for tumors 
that are associated with the gastrointestinal tract [6–8]. 
Researchers have established a link between higher miR-
155 levels and dramatically lower survival rates in indi-
viduals with esophageal squamous cell cancer. There is a 
possibility that MiR-155 is capable of independently eval-
uating the situation regarding this condition [9]. In addi-
tion, microRNA-155 also plays a role in the increased 
aggressiveness and progression of cells that are associ-
ated with gastric cancer [6]. Despite extensive research, 
the precise function of miR-155 in gastrointestinal cancer 
and the mechanisms that underlie it are still unknown. 
Exosomal miR-155 is engaged in numerous molecu-
lar functions linked to cancer. These activities include 
angiogenesis and apoptosis (refer to Fig. 1), respectively. 
Consequently, miR-155 is crucial in managing immune 

Fig. 1 The evolution of cancer through angiogenesis is driven by the fast proliferation of tumors, which has the effect of decreasing the oxygen 
supply. Angiopoietin, FGF, PDGF, and VEGF are among of the pro‑angiogenic factors that are increased as a consequence of this. This leads 
in a low‑oxygen tumor microenvironment (TME), which drives excessive blood vessel creation by boosting the levels of various pro‑angiogenic 
proteins. An increase in the transport of oxygen and nutrients is made possible by the construction of new blood vessels, which in turn makes it 
easier for tumor cells to continue their growth, survival, and multiplication. As these cells become increasingly aggressive, they proliferate, expand, 
and promote the development of new blood vessels. Ultimately, they will penetrate and travel to distant regions via the bloodstream
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responses [10]. Cells that are activated T and B lympho-
cytes, as well as monocytes and macrophages, are the 
cells that are responsible for the production of miRNA-
155 [11, 12]. The production of blood cells, the mainte-
nance of lymphocyte balance, and the development of 
immunological tolerance are all processes that are influ-
enced by microRNA-155. It has been discovered that cer-
tain B cell malignancies that originate from myeloid cells 
have a negligible rise in the levels of miR-155. On top of 
that, research indicates that an increase in the expression 
of the miR-155 gene in mice may hasten the growth of 
cancer [13]. This review aims to comprehensively exam-
ine the dual role of miR-155 and exosomal miR-155 in 
tumor angiogenesis. We analyze their mechanisms of 
action, interactions with key signaling pathways, and 
potential as targets for therapeutic intervention, with the 
goal of informing novel anti-angiogenic strategies in can-
cer treatment.

Angiogenesis and cancer
A tumor is a form of biological tissue distinguished by 
its fast growth, high metabolic activity, and strong vital-
ity, demanding a much greater supply of nutrients and 
oxygen compared to regular cells. When the tumor is in 
its early stages of development, it does not have its own 
blood vessels, which indicates that it is not aggressive 
and that it is dependent on the tissues that surround it 
to spread oxygen and nutrients in order to maintain its 
own survival [14]. Tumor blood vessel growth is limited 
or inactive because there are not enough factors that pro-
mote angiogenesis and because the extracellular matrix 
contains signals that inhibit vascular development. As 
a result, blood vessel formation within tumors occurs 
infrequently (refer to Fig.  1) [15]. Once a solid tumor 
grows larger than 1–2  mm3, the neighboring tissues are 
unable to supply sufficient resources to sustain its con-
tinued development [16]. As a tumor grows, it estab-
lishes a microenvironment marked by ischemia, acidosis, 
hypoxia, and elevated interstitial pressure. This situation 
leads to the creation of a number of growth factors and 
cytokines, which in turn encourage the construction of 
new lymphatic and blood arteries to satisfy the meta-
bolic demands of the tumor and to assist the evolution 
of the tumor [16, 17]. As tumor cells rapidly proliferate, 
areas distant from blood vessels within the tumor expe-
rience an increase in acidity, a lack of sufficient oxygen, 
and higher pressure in the spaces between tissues. This 
condition promotes the growth and aggressiveness of 
the tumor tissue (Fig. 1). Over time, this process evolves 
into carcinoma, acquiring the capacity for aggressive 
behavior and invoking a stromal reaction. This reaction 
comprises intratumoral angiogenesis, growth of fibro-
blasts, infiltration of leukocytes, and deposition of ECM, 

especially in tumors that are malignant [18–20]. Cancer 
cells consistently secrete or elevate the amount of vari-
ous pro-angiogenic factors, which trigger the activation 
of ECs, pericytes, CAFs, endothelial progenitor cells, and 
immune cells. As a result of this stimulation, angiogene-
sis stays in a highly active state, leading to processes such 
as the development of new blood vessels, alterations in 
the extracellular matrix, the separation of pericytes, and 
the differentiation of endothelial cells. The formation, 
propagation, and metastasis of cancers are all signifi-
cantly influenced by these mechanisms, which ultimately 
play a very important role [21–24]. Due of this tendency, 
tumors are commonly referred to as wounds that do not 
heal, providing an indirect explanation [25]. Additionally, 
tumors can undergo metabolic stress due to several fac-
tors, including immune system activation, inflammatory 
reactions, changes in oncogenes, and medical treatments. 
These factors promote tumor angiogenesis, which in turn 
enhances tumor invasion and metastasis [26].

MiR‑155 and biological functions
miRNAs play an essential role as intermediaries within 
cells and are important for enabling cell-to-cell sig-
nal transduction [27, 28] [29, 30]. MiR-155, a type of 
microRNA, originates from the miR-155 host gene 
(miR-155HG) [31], miR-155 is crucial in various cellular 
functions, such as inflammation (refer to Fig. 2 for more 
information) [32, 33], immunity [34, 35], fibrosis [36, 37], 
autophagy [38–40], and carcinogenesis [34, 41, 42]. There 
is evidence from a number of studies that microRNA-155 
is involved in the process of controlling the expression 
of about 250 genes [34, 43], Additionally, miR-155 regu-
lates thiamine, an essential cofactor for certain enzymes 
involved in energy metabolism [44]. Various signaling 
pathways play a role in controlling miR-155 expression, 
with cytokines like TGF-β having the potential to either 
elevate or reduce its amounts [41, 45, 46]. On the other 
hand, IRF3 can mitigate neuroinflammation by regu-
lating miR-155 expression [47]. Furthermore, miR-155 
has been shown to affect inflammation linked to IL-17/
IL-9 in the context of wound healing, emphasizing its 
promise as an effective therapeutic approach for reduc-
ing inflammatory responses in wound tissue [48]. Results 
from another research indicated that mice deficient in 
Ets2 exhibited a decreased miR-155 response upon LPS 
exposure [49]. Additionally, IL-10 suppresses Ets2, which 
leads in lower levels of miR-155. It has been revealed by 
Zheng and his colleagues that there is a specific place 
in the promoter region of the BIC gene, which includes 
miR-155, where NF-κB is able to bind itself [50]. The 
findings of a separate study revealed that glucocorticoids 
had the ability to reduce the levels of miR-155 by inhib-
iting the activation of NF-κB, which was a surprising 
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yet significant discovery. Furthermore, new research on 
inflammation have indicated that the transcription factor 
FOXP3, which is associated to immunological response, 
can impact the expression of miR-155 [51]. Because of its 
capacity to regulate the expression of ZEB2 and SATB1 
inside Treg cells, miR-155 plays a significant function in 
the immune system [52].

In a different line of research, studies have indicated 
that miR-155 regulates various genes that play roles 
in adipogenesis, as well as in carbohydrate and lipid 
metabolism [52]. MiR-155, originating from adipocytes, 
impacts participates and diet-induced obesity [53]. In 
order to evaluate the expression of miR-155, the research 
team that was directed by Miller conducted studies on 
male C57BL/6 wild-type mice as well as mice that lacked 
endogenous miR-155. Over the course of 6 months, both 
groups of mice were fed a diet that was heavy in fat. The 
results of their research demonstrated that the gene Nr1 

h3 LXRα is affected by microRNA-155 and plays a crucial 
role in determining the liver features that are detected in 
mice that are lacking in microRNA-155 [54]. It is intrigu-
ing how the role of miR-155 varies depending on gender. 
Unlike male mice, female mice with a C57BL/6 genetic 
background lacking the miR-155 gene are protected 
against obesity resulting from a high-fat diet [55]. This 
occurrence, observed in female mice with specific gene 
deletions, is associated with safeguarding against obe-
sity and changes in glucose metabolism. Consequently, 
the findings confirm that both female and male miR-
155 knockout mice show reduced adipose tissue weight, 
although male knockout mice display increased liver ste-
atosis [54, 55].

Studies reveal that the PIK3R1-PDK/AKT-FOXO3a-
cMYC signaling pathway stresses the relevance of miR-
155 as a major regulator of glucose metabolism in breast 
cancer. This is achieved by enhancing the cells’ energy 

Fig. 2 miR‑155 participates in multiple cellular functions. It is possible that hypoxic circumstances might lead to an increase in the production 
of miR‑155 in cancer cells. This is because some response elements are present in the promoter region of miR‑155. This particular microRNA 
has a strong connection to inflammation and exerts a major impact on lung cancer, ultimately having the capacity to alter the survival of cancer 
cells. In order to accomplish this objective, the levels of the tumor suppressor protein VHL are decreased, which in turn stimulates the development 
of new blood vessels. One‑way TGF facilitates metastasis is by increasing miR‑155 levels. This is accomplished through the action of Smad4. MiR‑155 
reduces RhoA protein levels, which breaks tight junctions and improves epithelial cell plasticity. This results in enhanced invasiveness and migration 
via enhancing epithelial–mesenchymal transition (EMT), which is triggered by transforming growth factor‑beta 3. It is possible that lowering 
or inhibiting miR‑155 could cause cells to halt in the G0/G1 phase of the cell cycle, which will signal the beginning of the process of programmed 
cell death. As a consequence of this, the growth of cancer cells in DLBCL and ccRC is restricted thanks to this. Another study showed that miR‑155 
inhibits Caspase 3 activity, which results in reduced cell death in nasopharyngeal cancer. Additionally, miR‑155 has the potential to impact glucose 
metabolism by improving insulin sensitivity. This happens as a result of the suppression of C/EBPβ, which is a negative regulator in the insulin 
signaling pathway. This, in turn, leads to an increase in glycolysis. Ultimately, the presence of miR‑155 is related with lowered levels of SOCS1 
in non‑small cell lung cancer (NSCLC), which might ultimately contribute to worse survival rates
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metabolism [56]. In a similar manner, the combination 
of the NF-κB-miR-146a pathway and the NF-κB-miR-155 
pathway can have an impact on the regulation of the 
inflammatory response [57]. Importantly, the interac-
tion between miR-155 and miR-146a generates a dis-
tinct regulatory framework that impacts a specific form 
of macrophage. Throughout the course of the inflam-
matory response, this particular structure is account-
able for changing the activity of NF-κB inside the body 
[58]. MiR-155-5p is thought to contribute to demyelina-
tion by increasing the expression of the normal NgR and 
decreasing the Smad signaling pathways in male C57BL/6 
mice that were fed a diet containing 0.2% cuprizone. This 
was discovered in a subsequent analysis by researchers, 
who found that the levels of miR-155-5p had significantly 
increased. This was seen in mice that were made to con-
sume foods that contained 0.2% cuprizone [59]. Research 
has been carried out on living organisms as well as in 
controlled laboratory environments to examine the con-
nection between miR-155 and allyl-isothiocyanate. These 
studies have shown that there is a considerable drop in 
the levels of miRNA-155 and interleukin-1β, which indi-
cates that there is a significant reduction in inflammation 
[60].

miRNAs are closely linked with post-transcriptional 
gene expression regulation under various conditions and 
can regulate metabolic control [61]. The majority of stud-
ies on metabolic and immune-related disorders concen-
trate on the importance of miR-155 in these conditions. 
Research has shown that microRNA-155 is found in 
both immune cells and fat tissues, indicating its potential 
impact on various diseases, such as diabetes mellitus [52, 
62, 63].

Under typical physiological circumstances, miR-155 
contributes to sustaining healthy glucose levels by man-
aging the equilibrium of blood sugar and insulin sensi-
tivity [64]. Increased levels of miR-155 in adipose tissue 
and liver linked to skeletal muscles have been shown to 
have the potential to increase glycolysis, encourage IRS-1 
phosphorylation, and stimulate the activation of the 
serine-threonine kinase AKT when insulin is present in 
mice that have undergone genetic modification (refer to 
Fig. 3). Additionally, microRNA-155 plays a role in regu-
lating important inhibitors of insulin signaling, including 
HDAC4, C/EBPβ, and SOCS1 [65].

miRNAs can influence host immune homeostasis and 
immune responses by negatively regulating mRNA trans-
lation and balance [66]. miR-155 is a versatile microRNA 
found in immune system cells, essential for the body’s 
immune function [67]. To make matters worse, miR-
155 levels rise as a result of both infection and injury 
[68]. According to the findings of several studies, micro-
RNA-155 has the ability to stimulate a wide variety of 

immune cells, such as T cells, B cells, dendritic cells, and 
macrophages [34, 66, 67]. Additionally, it is believed that 
miR-155 contributes to the body’s typical immune reac-
tion to specific inflammation-inducing substances [51, 
69]. NF-kB and AP-1, two transcription factors that are 
well-known for their role in increasing inflammation, are 
responsible for controlling the amounts of miR-155 via 
controlling their expression [70–72]. AP-1 is responsible 
for directing how macrophages respond to TLR-3 and 
TNF-α, while NF-kB is in charge of guiding their reaction 
to the LPS receptor [70, 73].

MiR-155 has been shown to have a role in the remod-
eling of lung airways through the promotion of colla-
gen formation and the infiltration of inflammatory cells, 
according to research conducted using knockout mice 
[74]. The lack of selection for high-affinity plasma B cells 
leads to a reduction in the generation of IgG1 antibodies, 
which in turn leads to a lessened B-cell memory response 
[71, 75]. Furthermore, BIC and miR-155 impact adaptive 
immunity by targeting B cells in the germinal centers of 
the tonsils [76]. An additional point to consider is that 
the activation of the ERK and JNK signaling pathways 
results in an increase in the expression of miR-155 in 
B-cell lines. Through the use of chromatin immunopre-
cipitation, researchers have showed that the activation 
of the B-cell receptor (BCR) leads to the recruitment of 
FosB and JunB, which then bind with the miR-155 pro-
moter [72].

Various studies conducted on T cells have demon-
strated that naïve T cells derived from mice that lack 
miR-155 have a greater propensity to evolve into Th2 
cells. This mechanism results in the release of Th2 
cytokines into the circulation. These cytokines include 
IL-5, IL-4, and IL-10 [72, 75]. In addition, when T cells 
are exposed to antigens, they have attenuated responses 
and a lower production of interferon and interleukin-2 
[71, 74]. Furthermore, it is worth noting that miR-155 has 
an impact on IFN-γ in T cells, which implies that it hin-
ders the transmission of IFN-γ signals in CD4 + T cells 
and encourages the development of Th1 cells [77].

Inflammation is an intricate biological and pathological 
reaction that encompasses the body’s response to injuries 
and infections, and therefore, inflammatory processes 
are associated with various diseases [78, 79]. miRNAs is 
identified as key regulators of inflammation, as they influ-
ence multiple inflammatory pathways [78]. miRNAs have 
the ability to influence inflammation by either enhancing 
or reducing it, contingent upon the specific mRNAs they 
target [33, 78, 80, 81].

Multiple situations have been investigated to compre-
hend the function of miR-155 in inflammatory processes. 
For example, when considering atherosclerosis, miR-155 
impacts the condition by suppressing downstream target 
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genes like MAP3 K10, HBP1, and Bcl-6 [82, 83]. Further-
more, research indicates that miR-155 is crucial in reti-
nal neovascularization. Lowering miR-155 levels reduces 
retinal neovascular growth by influencing the phospho-
rylation of components in the PI3 K/Akt signaling path-
way within cells [84]. Furthermore, microRNA-155 is 
responsible for the enhancement of the expression of 
scavenger receptors including CD36, CD68, and LOX-1 
in macrophages that are produced from THP-1 mono-
cytes. This, in turn, leads to an increase in the cholesterol 
absorption carried out by these cells [85]. According to 
the findings of another investigation, increasing the levels 
of miR-155 in macrophages enhances the inflammatory 
response to lipopolysaccharide (LPS). The modifica-
tion of SOCS-1, which in turn makes it more difficult to 
remove cholesterol from the cells, is the means by which 
this will be done [86]. Moreover, miR-155 is suggested 
to act as a regulatory point for adjusting the immune 
system by impacting various molecules that govern 

immune responses, including SMAD2 and FOXO3a 
[87–89]. In addition, the rapid inflammatory response 
in macrophages is significantly influenced by miR-155’s 
inhibition of Bcl6 [82]. The discovery of the TLR/IL-1 
inflammatory pathway has been made possible by the uti-
lization of microarray technology. This advancement has 
brought to light the route’s function as a prominent tar-
get for miR-155 and its direct influence on the levels of 
TAB2, which is an essential signaling protein [69].

On many occasions, it has been demonstrated that the 
levels of miR-155-5p in mouse pancreatic β-cells rise 
during endotoxemia, a condition that is associated with 
elevated levels of blood lipids. This rise enhances glu-
cose metabolism, aiding β-cells in adapting to the insulin 
resistance induced by obesity (see Fig. 2) [90]. A compel-
ling in  vivo study on NAFLD indicated that increased 
miR-155 levels reduce liver fat accumulation by inhibit-
ing the LXRα-dependent lipogenic pathway. Further-
more, increasing miR-155 levels greatly boosts glucose 

Fig. 3 Mechanistic overview of miR‑155 in regulating insulin signaling and glucose metabolism. MiR‑155 enhances insulin sensitivity by targeting 
key inhibitors of the insulin signaling pathway, including SOCS1, HDAC4, and C/EBPβ. Upon insulin binding to its receptor (IR), phosphorylation 
of insulin receptor substrates (IRS‑1/2) activates PI3 K, leading to the conversion of PIP2 to PIP3. This cascade stimulates PDK1 and Akt, promoting 
GLUT4 translocation and increased glucose uptake. MiR‑155 indirectly supports this process by enhancing AKT phosphorylation and glycolytic 
activity. Additionally, miR‑155 counteracts TNF‑α and JNK‑mediated pathways that contribute to insulin resistance, thus playing a protective role 
in maintaining glucose homeostasis
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metabolism, and HK2 is recognized as an indirect target 
in this process [91].

A number of genes are regulated by the miR-155 gene, 
which results in an increase in glucose metabolism 
(Fig. 3). In the process of insulin binding to the α-subunit 
of the insulin receptor (IR), the signaling proteins IRS-1 
and IRS-2 of the insulin receptor phosphorylate the 
p85 regulatory subunit of PI3 K. The transition of PIP2 
into the secondary messenger PIP3 is brought about 
as a result of the activation of PI3 K. This cascade acti-
vates PDK-1 and Akt, leading to the phosphorylation 
of PKCλ/ζ isoforms and GLUT4 storage vesicles. The 
development of insulin resistance is associated to the 
suppression of PPAR-γ. TNF-α, which stands for tumor 
necrosis factor-alpha, has the ability to alter the way in 
which insulin signals are processed inside tissue mac-
rophages. This modification can result in insulin resist-
ance and contribute to the progression of type 2 diabetes 
mellitus (T2DM). JNK promotes insulin resistance by 
directly adding a phosphate group to IRS proteins. Addi-
tionally, ATM can release exosomes containing miRNA, 
which can affect insulin target cells and promote glucose 
intolerance and insulin resistance.

MiR‑155 and cancer angiogenesis
HIF-1α is a transcription factor essential for cellu-
lar response to low oxygen conditions. It is vital for the 
proliferation of malignancies and the formation of new 
blood vessels. HIF-1α is well acknowledged to have a sig-
nificant role in the progression of recurrent colorectal 
cancer (RCC) due to its capacity to limit the development 
of tumors. One-way MiR-155 facilitates the advancement 
of RCC is by decreasing HIF-1α levels. It has been shown 
by research that elevating the levels of miR-155 by the 
use of arsenic trioxide might potentially limit the forma-
tion of new blood vessels in prostate cancer patients [92, 
93]. Moreover, the genes NR3 C2, E2 F2, PEG3, FOXO3a, 
FOXO3, and BACH1 have been recognized as targets of 
miR-155. These genes play a role in controlling transcrip-
tion, monitoring the cell cycle, reacting to DNA damage, 
and modulating inflammatory processes. They are cru-
cial in either inhibiting or promoting the development of 
tumors [94–107]. Studies indicate that miR-155 enhances 
the growth and spread of ccRCC by attaching to the 
3′UTR of specific mRNAs. On the contrary, research has 
shown that MiR-155 acts as an inhibitor in prostate can-
cer. It accomplishes this by reducing the levels of VEGF 
and limiting the creation of new blood vessels. This is 
accomplished by inhibiting the TGF-β/SMAD2 signaling 
pathway [108].

Numerous studies have demonstrated that arsenic tri-
oxide has the ability to increase the levels of miR-155, 
which in turn inhibits the growth and proliferation of 

blood vessels in persons who have prostate cancer [108], 
[109].

Through their research, Chen and his colleagues have 
established that the expression of miR-155–5p is low-
ered in bladder cancer cell lines [110]. Studies show that 
triggering the Notch signaling pathway and suppressing 
MTGR1, increased miR-155-5p levels can obstruct cell 
migration, new blood vessel formation, and cell invasion 
[110].

According to the findings of a recent study, elevating 
the levels of miR-155 in tumor-associated macrophages 
(TAMs) results in a reduction in the production of 
cytokines and is related with the promotion of their 
transition from an M2 to an M1 polarization state [111]. 
There is a significant lack of clarity regarding the precise 
function of microRNA-155 in tumor-associated mac-
rophages that originate from endothelial cells. The fibro-
blast growth factor 2 (FGF2), which belongs to the family 
of fibroblast growth factors, is widely recognized for its 
ability to promote the development and maturation of 
several cell types, including cancer cells and fibroblasts 
[112]. An important signaling molecule, FGF2 performs a 
significant function in starting the development of blood 
vessels [113]. MiR-155 has been demonstrated to have an 
effect on the production of FGF2, which in turn has an 
effect on the angiogenesis process in non-small cell lung 
cancer (NSCLC), according to a prior research [114]. 
Recent study gives insufficient insight of how miR-155 
affects TAMs in the context of FGF2 generated from EC.

In a research study, scientists investigated how miR-
155 impacts TAMs originating from EC [115]. In this 
research, scientists employed Western blotting and quan-
titative real-time PCR techniques to measure the quan-
tities of miR-155 and FGF2 in both tissue samples and 
laboratory conditions. These constructs were delivered 
into TAMs by the process of transfection, and then the 
culture medium of the TAMs was collected for further 
examination. ELISA was utilized in order to determine 
the levels of inflammatory cytokines and FGF2 in the 
body. Transwell analysis and CCK8 assays assessed inva-
sion, migration, and cell viability, while Matrigel angio-
genesis assays explored vascular formation in HUVECs. 
The results of the research showed that the levels of miR-
155 were lower and the levels of FGF2 were greater in the 
EC tissue and the cell lines as compared to the levels that 
were found in the normal controls. The introduction of 
the miR-155 mimic into TAMs resulted in a rise in the 
levels of IL-12, TNF-α, and iNOS, while at the same time 
causing a decrease in the levels of IL-10, IL-22, and Arg-1 
in the surrounding environment. TAMs with greater 
miR-155 levels demonstrated lower angiogenic activity 
and impacted the migration, survival, and invasiveness of 
ECA109 cells. However, the higher FGF2 levels inhibited 
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the effects of miR-155 on cell survival, tumor-like activ-
ity, and angiogenesis. The study’s results reveal that 
miR-155, controlled by TAM, can inhibit the migration, 
proliferation, and penetration of EC cells. Furthermore, it 
may limit the creation of new blood vessels by changing 
the expression of FGF2. Consequently, targeting miR-155 
to control FGF2 presents a possible therapeutic method 
to limit the evolution of EC [115].

The research conducted by Kong and his colleagues 
indicated that miR-155 interacts directly with the VHL 
gene, which in turn stimulates the development of 
new blood vessels in breast cancer affected individu-
als [116]. Research indicates that boosting miR-155 lev-
els in HUVECs artificially improves their ability to form 
networks, invade, proliferate, and migrate. In contrast, 
decreasing miR-155 expression results in inhibitory 
effects on these processes. Furthermore, introducing 
ectopically expressed miR-155 into the mammary fat 
pad led to marked angiogenesis, tumor growth, necrosis, 
and the recruitment of pro-inflammatory cells, including 
TAMs. On the other hand, the study found that the pres-
ence of VHL counteracts the effects caused by miR-155. 
Additionally, there is an inverse link between miR-155 
and VHL expression. The development of triple-nega-
tive breast cancer (TNBC) is linked to elevated levels of 
miR-155, which is related with advanced stages of cancer, 
metastasis to lymph nodes, poor patient outcomes, and 
progression of the disease. Through the process of down-
regulating VHL, miR-155 plays a role in the development 
of tumor angiogenesis, which ultimately results in a more 
aggressive course of the illness [116].

Exosome biogenesis and function
Exosomes are extracellular vesicles (EVs) ranging from 
40 to 100 nm in diameter, formed within multivesicular 
bodies (MVBs) of the endosomal pathway. Their bio-
genesis begins with the inward budding of the endo-
somal membrane, forming intraluminal vesicles (ILVs) 

within MVBs. Upon fusion of MVBs with the plasma 
membrane, ILVs are released into the extracellular envi-
ronment as exosomes. Exosomes possess a lipid bilayer 
membrane enriched in cholesterol, sphingomyelin, and 
lipid rafts. This structure contributes to their stability in 
circulation and facilitates selective cargo loading. They 
also express surface proteins such as CD63, CD81, and 
CD9, which serve as markers for identification and are 
involved in cell targeting [117–119]. Exosomes carry a 
diverse cargo that includes: proteins e.g., tetraspanins, 
heat shock proteins, MHC molecules; lipids: sphingolip-
ids, phosphatidylserine and nucleic acids: microRNAs 
(miRNAs), long non-coding RNAs (lncRNAs), mRNAs, 
and DNA fragments. The content of exosomes reflects 
the physiological or pathological state of their cell of 
origin. [120]. Exosomes serve as key mediators of inter-
cellular communication. Their functional roles include: 
modulating immune responses, remodeling the tumor 
microenvironment, promoting angiogenesis, facilitat-
ing metastasis and inducing drug resistance. In cancer, 
tumor-derived exosomes influence surrounding cells 
(e.g., endothelial cells, fibroblasts, immune cells) to sup-
port tumor progression. [120]. Table 1 shows various fea-
tures of exosomes.

Exosomal miR‑155 and angiogenesis in cancer
The signaling pathway known as JAK2/STAT3 is fre-
quently activated in a wide variety of tumors. This 
pathway has a function in controlling the creation of 
blood vessels, the proliferation of cells, and the migra-
tion of malignant cells. Upon JAK2 activation, STAT3 
gets phosphorylated, leading to dimerization and its 
movement into the nucleus. Following its entry into the 
nucleus, STAT3 forms attachments to specific DNA 
sequences, which in turn triggers the production of gene-
specific information [127]. Research indicates that the 
JAK2/STAT3 signaling pathway influences blood vessel 
development. This is accomplished by controlling the 

Table 1 Various features of exosomes

Feature Description Relevance in cancer References

Size 40–100 nm Enables circulation in various body fluids [121]

Origin Formed inside multivesicular bodies (MVBs) via endosomal 
pathway

Reflects cellular state of origin (normal vs. malignant) [122, 123]

Membrane Lipid bilayer rich in cholesterol and tetraspanins (CD63, 
CD81, CD9)

Facilitates cell targeting and cargo protection [122]

Cargo miRNAs, lncRNAs, mRNAs, DNA, proteins (e.g., HSPs, MHCs), 
lipids

Enables gene regulation in recipient cells [124]

Functions Intercellular communication, immune modulation, angio‑
genesis, metastasis

Alters tumor microenvironment; supports progression 
and drug resistance

[125]

Applications Diagnostics, prognostics, drug delivery, therapeutic targets Liquid biopsy potential; engineered exosomes for miRNA 
delivery

[126]
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production of pro-angiogenic molecules, such as FGF2 
and VEGFa, as well as enzymes, such as MMP9, that are 
involved in the breakdown of proteins [128–130]. SOCS 
proteins suppress JAK kinases and prevent STAT from 
interacting with receptors. SOCS1 plays a crucial role in 
inhibiting the JAK2/STAT3 signaling pathway. Studies 
have revealed a relationship between lower levels of this 
suppressor and numerous human malignancies, as well 
as the creation of new blood vessels in tumors [131, 132].

Zhou and colleagues discovered that melanoma cell 
lines, whether highly metastatic (B16 F10) or weakly 
metastatic (B16), produce exosomes containing miR-
155, which in turn activate cancer-associated fibroblasts 
(CAFs). This activation causes an increase in factors 
that promote angiogenesis, including FGF2, MMP9, and 
VEGFa, within cancer-associated fibroblasts (CAFs). 
Exosomal microRNA-155 is responsible for the enhance-
ment of pro-angiogenic activity. By blocking SOCS1, 
which in turn stimulates the JAK2/STAT3 signaling cas-
cade, it is able to achieve this goal. When it comes to the 
fight against melanoma, the findings of this study point 
to a potential target for anti-angiogenic therapy [133].

Exosomes are created by hepatocellular carcinoma 
(HCC) cells when they are exposed to low oxygen levels. 
Throughout the course of their research, Matsuura and 
his colleagues explored how these exosomes influence 
the process of blood vessel creation in endothelial cells. 
Additionally, it was shown that the creation of tubes in 
HUVECs was considerably enhanced by exosomes that 
were produced under circumstances of low oxygen [134]. 
They discovered that the level of miR-155 grew greatly in 
both cells and exosomes when exposed to low oxygen cir-
cumstances in each kind of habitat. Decreased miR-155 
levels in HCC cells resulted in less exosome-induced tube 
formation in HUVECs under low oxygen conditions. 
Additionally, a strong link was discovered between high 
amounts of exosomal miR-155 in the plasma prior to sur-
gery and the chance of an early recurrence. The findings 
demonstrate that exosomes coming from hepatocellular 
carcinoma (HCC) cells in low-oxygen settings accelerate 
the development of tube-like structures in human umbil-
ical vein endothelial cells (HUVECs). Furthermore, there 
is a potential that exosomal miR-155 contributes to the 
angiogenesis that is associated with HCC [134].

Due to the fact that triple-negative breast cancer is the 
most prevalent kind of breast cancer, it is essential to 
identify possible therapy targets in order to create drugs 
that are successful. In TNBC, angiogenesis supports 
tumor growth and metastasis, with miR-155 contribut-
ing to this process. Exosomes, which are small vesicles, 
transport various cargoes, including microRNAs. A 
study investigated how delivering a miR-155 antago-
mir via exosomes affects tumor migration, invasion, and 

angiogenesis in TNBC [135]. The findings indicated that 
employing exosomes to transport miR-155 antagomirs 
into HUVEC cells notably reduced miR-155 expression 
while increasing the levels of PTEN and DUSP14. Fur-
thermore, the formation of tubular structures by HUVEC 
cells was significantly impaired after being treated with 
exosomes containing miR-155 antagomirs, a result 
that was validated by a CAM assay. Moreover, after the 
MDA-MB-231 cells were exposed to exosomes contain-
ing miR-155 antagomirs, their migration and invasion 
were considerably reduced. For the purpose of reducing 
migration, invasion, and the development of new blood 
vessels in triple-negative breast cancer, the utilization of 
exosomes for the transportation of miR-155 inhibitors 
has been demonstrated to be effective. This is due to the 
influence that it has on PTEN and DUSP14 [135].

One of the most aggressive forms of cancer, pancreatic 
ductal adenocarcinoma (PDAC) is often linked with a bad 
prognosis. This is a commonly held belief among medical 
professionals. The density of blood vessels has a favora-
ble correlation with the advancement of triple-negative 
breast cancer. Recent study reveals that tumor-associated 
macrophages (TAMs) might be involved in the forma-
tion of new blood vessels, albeit the particular pathways 
responsible for this impact are not yet completely known 
[104]. The number of microvessels in pancreatic ductal 
adenocarcinoma tissues was found to have a positive cor-
relation with the presence of M2 macrophages, accord-
ing to the findings of several studies. Furthermore, it was 
shown that exosomes produced from M2 macrophage-
derived extracellular vesicles were able to stimulate angi-
ogenesis in mouse aortic endothelial cells when subjected 
to experimental circumstances. In mice, M2 MDEs result 
in increased blood vessel density and assist in the devel-
opment of tumors under the skin. Additionally, unlike 
M0 MDEs, M2 MDEs display elevated amounts of miR-
155-5p and miR-221-5p, which are then passed on to 
MAECs due to their heightened expression. This shows 
a relationship between tumor-associated macrophages 
(TAMs) and the creation of new blood vessels in pancre-
atic ductal adenocarcinoma (PDAC), which is enhanced 
by the dissemination of exosomes. According to this rela-
tionship, targeting microRNAs in exosomes that origi-
nate from TAMs may have tremendous promise for both 
diagnostic and therapeutic applications in the treatment 
of pancreatic ductal carcinoma [104]. Figure 4 depicts the 
formation process of exosomal miR-155.

Conclusion
MiR-155 and its exosomal form have emerged as cru-
cial regulators in cancer progression, particularly 
through their role in promoting angiogenesis, modu-
lating immune responses, and influencing the tumor 
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microenvironment. Their dual capacity to act within can-
cer cells and to mediate intercellular communication via 
exosomes makes them attractive, yet complex, therapeu-
tic targets.

Despite growing evidence of miR-155’s oncogenic 
potential, several knowledge gaps remain. First, the 
context-dependent role of miR-155—acting as both a 
promoter and suppressor of angiogenesis in different 
cancers—requires deeper mechanistic exploration. Sec-
ond, the precise molecular targets of exosomal miR-155 
within endothelial cells and other components of the 
tumor stroma are not yet fully defined. Understand-
ing how these interactions vary across tumor types and 
microenvironmental conditions (e.g., hypoxia, inflamma-
tion) is essential.

Furthermore, standardized methods for detecting and 
quantifying exosomal miR-155 in clinical samples are 
lacking, limiting its current application as a biomarker. 
Future research should focus on developing sensitive, 
non-invasive diagnostic tools, including liquid biopsies, 
to monitor exosomal miR-155 levels as indicators of angi-
ogenic activity or treatment response.

From a therapeutic standpoint, novel delivery sys-
tems such as exosome-based carriers, nanovectors, or 

gene-editing platforms (e.g., CRISPR/Cas9) offer prom-
ising strategies to modulate miR-155 activity. However, 
these approaches must overcome challenges related to 
specificity, stability, immune clearance, and off-target 
effects.

In conclusion, while miR-155 is a compelling target 
in cancer biology, future studies must clarify its diverse 
roles, validate clinical utility across patient populations, 
and refine delivery technologies. Addressing these 
challenges will be key to translating miR-155-targeted 
interventions from bench to bedside, potentially trans-
forming anti-angiogenic cancer therapies.

Acknowledgements
Not applicable.

Author contributions
Ali Fawzi Al‑Hussainy, Gaurav Sanghvi, R. Roopashree, Aditya Kashyap, D. 
Alex Anand, Rajashree Panigrahi, Nargiz Shavazi, Sada Ghalib Taher, Mariem 
Alwan, Mahmood Jawad, Hiba Mushtaq: Investigation; methodology (equal); 
writing—original draft (equal). Qusay Mohammed Hussain: Conceptualization 
(equal); funding acquisition (lead); investigation (lead); resources; supervi‑
sion; writing—review and editing. All authors confirmed the final version of 
manuscript.

Funding
Not applicable.

Fig. 4 Biogenesis and release of exosomes containing miR‑155. Exosomes are nano‑sized extracellular vesicles (40–100 nm) formed 
within multivesicular bodies (MVBs) through inward budding of endosomal membranes. Upon fusion of MVBs with the plasma membrane, 
exosomes are released into the extracellular space. They are enriched in lipids, proteins, and nucleic acids, including microRNAs such as miR‑155. 
These vesicles can be taken up by nearby or distant recipient cells, enabling intercellular communication. The figure illustrates how exosomes 
derived from tumor or immune cells serve as carriers of miR‑155, modulating gene expression in target cells and contributing to tumor 
angiogenesis and progression



Page 11 of 14Hussain et al. European Journal of Medical Research          (2025) 30:393  

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 February 2025   Accepted: 18 April 2025

References
 1. Larionova I, Kazakova E, Gerashchenko T, Kzhyshkowska J. New angio‑

genic regulators produced by TAMs: perspective for targeting tumor 
angiogenesis. Cancers. 2021;13(13):3253.

 2. Giovannetti E, Erozenci A, Smit J, Danesi R, Peters GJ. Molecular mecha‑
nisms underlying the role of microRNAs (miRNAs) in anticancer drug 
resistance and implications for clinical practice. Crit Rev Oncol Hematol. 
2012;81(2):103–22.

 3. Kumar MS, Armenteros‑Monterroso E, East P, Chakravorty P, Mat‑
thews N, Winslow MM, et al. HMGA2 functions as a competing 
endogenous RNA to promote lung cancer progression. Nature. 
2014;505(7482):212–7.

 4. Winter J, Diederichs S. MicroRNA biogenesis and cancer. Methods Mol 
Biol. 2011;676:3–22.

 5. Miaomiao S, Xiaoqian W, Yuwei S, Chao C, Chenbo Y, Yinghao L, et al. 
Cancer‑associated fibroblast‑derived exosome microRNA‑21 promotes 
angiogenesis in multiple myeloma. Sci Rep. 2023;13(1):9671.

 6. Qu Y, Zhang H, Sun W, Han Y, Li S, Qu Y, et al. MicroRNA‑155 promotes 
gastric cancer growth and invasion by negatively regulating transform‑
ing growth factor‑β receptor 2. Cancer Sci. 2018;109(3):618–28.

 7. Shi SS, Zhang HP, Yang CQ, Li LN, Shen Y, Zhang YQ. Exosomal miR‑
155‑5p promotes proliferation and migration of gastric cancer cells by 
inhibiting TP53INP1 expression. Pathol Res Pract. 2020;216(6): 152986.

 8. Wu M, Duan Q, Liu X, Zhang P, Fu Y, Zhang Z, et al. MiR‑155–5p 
promotes oral cancer progression by targeting chromatin remodeling 
gene ARID2. Biomed Pharmacother Biomedecine & pharmacotherapie. 
2020;122:109696.

 9. Zheng YJ, Liang TS, Wang J, Zhao JY, Zhai SN, Yang DK, et al. Micro‑
RNA‑155 acts as a diagnostic and prognostic biomarker for oesopha‑
geal squamous cell carcinoma. Artif Cells Nanomed Biotechnol. 
2020;48(1):977–82.

 10. O’Connell RM, Chaudhuri AA, Rao DS, Baltimore D. Inositol phos‑
phatase SHIP1 is a primary target of miR‑155. Proc Natl Acad Sci USA. 
2009;106(17):7113–8.

 11. Tili E, Michaille JJ, Costinean S, Croce CM. MicroRNAs, the immune 
system and rheumatic disease. Nat Clin Pract Rheumatol. 
2008;4(10):534–41.

 12. Tili E, Michaille JJ, Calin GA. Expression and function of micro‑RNAs 
in immune cells during normal or disease state. Int J Med Sci. 
2008;5(2):73–9.

 13. Tili E, Croce CM, Michaille JJ. miR‑155: on the crosstalk between inflam‑
mation and cancer. Int Rev Immunol. 2009;28(5):264–84.

 14. Conway EM, Collen D, Carmeliet P. Molecular mechanisms of blood 
vessel growth. Cardiovasc Res. 2001;49(3):507–21.

 15. Kalluri R. Basement membranes: structure, assembly and role in tumour 
angiogenesis. Nat Rev Cancer. 2003;3(6):422–33.

 16. Gasparini G, Longo R, Toi M, Ferrara N. Angiogenic inhibitors: 
a new therapeutic strategy in oncology. Nat Clin Pract Oncol. 
2005;2(11):562–77.

 17. Adams RH, Alitalo K. Molecular regulation of angiogenesis and lym‑
phangiogenesis. Nat Rev Mol Cell Biol. 2007;8(6):464–78.

 18. Jain RK. Molecular regulation of vessel maturation. Nat Med. 
2003;9(6):685–93.

 19. Rowley DR. What might a stromal response mean to prostate cancer 
progression? Cancer Metastasis Rev. 1998;17(4):411–9.

 20. Liakouli V, Cipriani P, Di Benedetto P, Ruscitti P, Carubbi F, Berardicurti O, 
et al. The role of extracellular matrix components in angiogenesis and 
fibrosis: possible implication for Systemic Sclerosis. Mod Rheumatol. 
2018;28(6):922–32.

 21. Shiga K, Hara M, Nagasaki T, Sato T, Takahashi H, Takeyama H. Cancer‑
associated fibroblasts: their characteristics and their roles in tumor 
growth. Cancers. 2015;7(4):2443–58.

 22. Roland CL, Dineen SP, Lynn KD, Sullivan LA, Dellinger MT, Sadegh L, 
et al. Inhibition of vascular endothelial growth factor reduces angiogen‑
esis and modulates immune cell infiltration of orthotopic breast cancer 
xenografts. Mol Cancer Ther. 2009;8(7):1761–71.

 23. Ribatti D, Crivellato E. Immune cells and angiogenesis. J Cell Mol Med. 
2009;13(9a):2822–33.

 24. Parmar D, Apte M. Angiopoietin inhibitors: a review on targeting tumor 
angiogenesis. Eur J Pharmacol. 2021;899: 174021.

 25. Deyell M, Garris CS, Laughney AM. Cancer metastasis as a non‑healing 
wound. Br J Cancer. 2021;124(9):1491–502.

 26. Viallard C, Larrivée B. Tumor angiogenesis and vascular normalization: 
alternative therapeutic targets. Angiogenesis. 2017;20(4):409–26.

 27. Jurj A, Zanoaga O, Braicu C, Lazar V, Tomuleasa C, Irimie A, et al. A 
comprehensive picture of extracellular vesicles and their contents. 
Molecular transfer to cancer cells. Cancers. 2020;12(2):298.

 28. Braicu C, Tomuleasa C, Monroig P, Cucuianu A, Berindan‑Neagoe I, Calin 
GA. Exosomes as divine messengers: are they the Hermes of modern 
molecular oncology? Cell Death Differ. 2015;22(1):34–45.

 29. Braicu C, Cojocneanu‑Petric R, Chira S, Truta A, Floares A, Petrut B, et al. 
Clinical and pathological implications of miRNA in bladder cancer. Int J 
Nanomedicine. 2015;10:791–800.

 30. Braicu C, Calin GA, Berindan‑Neagoe I. MicroRNAs and cancer 
therapy—from bystanders to major players. Curr Med Chem. 
2013;20(29):3561–73.

 31. http:// www. genen ames. org/.
 32. Park HK, Jo W, Choi HJ, Jang S, Ryu JE, Lee HJ, et al. Time‑course 

changes in the expression levels of miR‑122, ‑155, and ‑21 as markers of 
liver cell damage, inflammation, and regeneration in acetaminophen‑
induced liver injury in rats. J Vet Sci. 2016;17(1):45–51.

 33. O’Connell RM, Rao DS, Baltimore D. microRNA regulation of inflamma‑
tory responses. Annu Rev Immunol. 2012;30:295–312.

 34. Faraoni I, Antonetti FR, Cardone J, Bonmassar E. miR‑155 gene: 
a typical multifunctional microRNA. Biochem Biophys Acta. 
2009;1792(6):497–505.

 35. Calame K. MicroRNA‑155 function in B Cells. Immunity. 
2007;27(6):825–7.

 36. Eissa MG, Artlett CM. The MicroRNA miR‑155 is essential in fibrosis. 
Noncoding RNA. 2019;5(1):23.

 37. Tsuchiya M, Kalurupalle S, Kumar P, Ghoshal S, Zhang Y, Lehrmann E, 
et al. RPTOR, a novel target of miR‑155, elicits a fibrotic phenotype 
of cystic fibrosis lung epithelium by upregulating CTGF. RNA Biol. 
2016;13(9):837–47.

 38. Wang F, Shan S, Huo Y, Xie Z, Fang Y, Qi Z, et al. MiR‑155‑5p inhibits 
PDK1 and promotes autophagy via the mTOR pathway in cervical 
cancer. Int J Biochem Cell Biol. 2018;99:91–9.

 39. Chen H, Liu Gao MY, Zhang L, He FL, Shi YK, Pan XH, et al. MicroRNA‑155 
affects oxidative damage through regulating autophagy in endothelial 
cells. Oncol Lett. 2019;17(2):2237–43.

 40. Wan J, Yang X, Ren Y, Li X, Zhu Y, Haddock AN, et al. Inhibition of 
miR‑155 reduces impaired autophagy and improves prognosis in an 
experimental pancreatitis mouse model. Cell Death Dis. 2019;10(4):303.

 41. Valeri N, Gasparini P, Fabbri M, Braconi C, Veronese A, Lovat F, et al. 
Modulation of mismatch repair and genomic stability by miR‑155. Proc 
Natl Acad Sci USA. 2010;107(15):6982–7.

 42. Lánczky A, Nagy Á, Bottai G, Munkácsy G, Szabó A, Santarpia L, et al. 
miRpower: a web‑tool to validate survival‑associated miRNAs utilizing 
expression data from 2178 breast cancer patients. Breast Cancer Res 
Treat. 2016;160(3):439–46.

http://www.genenames.org/


Page 12 of 14Hussain et al. European Journal of Medical Research          (2025) 30:393 

 43. Loeb GB, Khan AA, Canner D, Hiatt JB, Shendure J, Darnell RB, et al. 
Transcriptome‑wide miR‑155 binding map reveals widespread nonca‑
nonical microRNA targeting. Mol Cell. 2012;48(5):760–70.

 44. Kim S, Rhee JK, Yoo HJ, Lee HJ, Lee EJ, Lee JW, et al. Bioinformatic and 
metabolomic analysis reveals miR‑155 regulates thiamine level in 
breast cancer. Cancer Lett. 2015;357(2):488–97.

 45. Cui W, Meng W, Zhao L, Cao H, Chi W, Wang B. TGF‑β‑induced long non‑
coding RNA MIR155HG promotes the progression and EMT of laryngeal 
squamous cell carcinoma by regulating the miR‑155‑5p/SOX10 axis. Int 
J Oncol. 2019;54(6):2005–18.

 46. Kong J, Li L, Lu Z, Song J, Yan J, Yang J, et al. MicroRNA‑155 suppresses 
mesangial cell proliferation and TGF‑β1 production via inhibiting 
CXCR5‑ERK signaling pathway in lupus nephritis. Inflammation. 
2019;42(1):255–63.

 47. Tarassishin L, Loudig O, Bauman A, Shafit‑Zagardo B, Suh HS, Lee SC. 
Interferon regulatory factor 3 inhibits astrocyte inflammatory gene 
expression through suppression of the proinflammatory miR‑155 and 
miR‑155*. Glia. 2011;59(12):1911–22.

 48. Wang CR, Zhu HF, Zhu Y. Knockout of MicroRNA‑155 ameliorates the 
Th17/Th9 immune response and promotes wound healing. Curr Med 
Sci. 2019;39(6):954–64.

 49. Quinn SR, Mangan NE, Caffrey BE, Gantier MP, Williams BR, Hertzog PJ, 
et al. The role of Ets2 transcription factor in the induction of micro‑
RNA‑155 (miR‑155) by lipopolysaccharide and its targeting by interleu‑
kin‑10. J Biol Chem. 2014;289(7):4316–25.

 50. Zheng Y, Xiong S, Jiang P, Liu R, Liu X, Qian J, et al. Glucocorticoids 
inhibit lipopolysaccharide‑mediated inflammatory response by down‑
regulating microRNA‑155: a novel anti‑inflammation mechanism. Free 
Radic Biol Med. 2012;52(8):1307–17.

 51. Mahesh G, Biswas R. MicroRNA‑155: a master regulator of inflammation. 
J Interferon Cytokine Res. 2019;39(6):321–30.

 52. Shantikumar S, Caporali A, Emanueli C. Role of microRNAs in diabetes 
and its cardiovascular complications. Cardiovasc Res. 2012;93(4):583–93.

 53. Zhang Y, Mei H, Chang X, Chen F, Zhu Y, Han X. Adipocyte‑derived 
microvesicles from obese mice induce M1 macrophage phenotype 
through secreted miR‑155. J Mol Cell Biol. 2016;8(6):505–17.

 54. Miller AM, Gilchrist DS, Nijjar J, Araldi E, Ramirez CM, Lavery CA, et al. 
MiR‑155 has a protective role in the development of non‑alcoholic 
hepatosteatosis in mice. PLoS ONE. 2013;8(8): e72324.

 55. Gaudet AD, Fonken LK, Gushchina LV, Aubrecht TG, Maurya SK, Peri‑
asamy M, et al. miR‑155 deletion in female mice prevents diet‑induced 
obesity. Sci Rep. 2016;6:22862.

 56. Kim S, Lee E, Jung J, Lee JW, Kim HJ, Kim J, et al. microRNA‑155 posi‑
tively regulates glucose metabolism via PIK3R1‑FOXO3a‑cMYC axis in 
breast cancer. Oncogene. 2018;37(22):2982–91.

 57. Mann M, Mehta A, Zhao JL, Lee K, Marinov GK, Garcia‑Flores Y, et al. An 
NF‑κB‑microRNA regulatory network tunes macrophage inflammatory 
responses. Nat Commun. 2017;8(1):851.

 58. Testa U, Pelosi E, Castelli G, Labbaye C. miR‑146 and miR‑155: two key 
modulators of immune response and tumor development. Noncoding 
RNA. 2017;3(3):22.

 59. Han SR, Kang YH, Jeon H, Lee S, Park SJ, Song DY, et al. Differential 
expression of miRNAs and behavioral change in the cuprizone‑induced 
demyelination mouse model. Int J Mol Sci. 2020;21(2):646.

 60. Wagner AE, Boesch‑Saadatmandi C, Dose J, Schultheiss G, Rimbach G. 
Anti‑inflammatory potential of allyl‑isothiocyanate–role of Nrf2, NF‑(κ) 
B and microRNA‑155. J Cell Mol Med. 2012;16(4):836–43.

 61. Agbu P, Carthew RW. MicroRNA‑mediated regulation of glucose and 
lipid metabolism. Nat Rev Mol Cell Biol. 2021;22(6):425–38.

 62. Klöting N, Berthold S, Kovacs P, Schön MR, Fasshauer M, Ruschke K, et al. 
MicroRNA expression in human omental and subcutaneous adipose 
tissue. PLoS ONE. 2009;4(3): e4699.

 63. Padmanaban V, Prakash SS. Strain, diet, and gender influence the 
role of miR155 in diabetes mellitus. Indian J Endocrinol Metab. 
2018;22(4):570–2.

 64. Zhang BH, Shen CA, Zhu BW, An HY, Zheng B, Xu SB, et al. Insight into 
miRNAs related with glucometabolic disorder. Biomed Pharmacother 
Biomedecine Pharmacotherapie. 2019;111:657–65.

 65. Lin X, Qin Y, Jia J, Lin T, Lin X, Chen L, et al. MiR‑155 enhances insulin 
sensitivity by coordinated regulation of multiple genes in mice. PLoS 
Genet. 2016;12(10): e1006308.

 66. Jia Y, Wei Y. Modulators of MicroRNA function in the immune system. Int 
J Mol Sci. 2020;21(7):2357.

 67. Alivernini S, Gremese E, McSharry C, Tolusso B, Ferraccioli G, McInnes 
IB, et al. MicroRNA‑155‑at the critical interface of innate and adaptive 
immunity in arthritis. Front Immunol. 2017;8:1932.

 68. Bala S, Tilahun Y, Taha O, Alao H, Kodys K, Catalano D, et al. Increased 
microRNA‑155 expression in the serum and peripheral monocytes in 
chronic HCV infection. J Transl Med. 2012;10:151.

 69. Ceppi M, Pereira PM, Dunand‑Sauthier I, Barras E, Reith W, Santos MA, 
et al. MicroRNA‑155 modulates the interleukin‑1 signaling pathway in 
activated human monocyte‑derived dendritic cells. Proc Natl Acad Sci 
USA. 2009;106(8):2735–40.

 70. O’Connell RM, Taganov KD, Boldin MP, Cheng G, Baltimore D. Micro‑
RNA‑155 is induced during the macrophage inflammatory response. 
Proc Natl Acad Sci USA. 2007;104(5):1604–9.

 71. Thai TH, Calado DP, Casola S, Ansel KM, Xiao C, Xue Y, et al. Regulation 
of the germinal center response by microRNA‑155. Science (New York, 
NY). 2007;316(5824):604–8.

 72. Yin Q, Wang X, McBride J, Fewell C, Flemington E. B‑cell receptor 
activation induces BIC/miR‑155 expression through a conserved AP‑1 
element. J Biol Chem. 2008;283(5):2654–62.

 73. Jopling CL, Yi M, Lancaster AM, Lemon SM, Sarnow P. Modulation of 
hepatitis C virus RNA abundance by a liver‑specific MicroRNA. Science 
(New York, NY). 2005;309(5740):1577–81.

 74. Rodriguez A, Vigorito E, Clare S, Warren MV, Couttet P, Soond DR, et al. 
Requirement of bic/microRNA‑155 for normal immune function. Sci‑
ence (New York, NY). 2007;316(5824):608–11.

 75. Vigorito E, Perks KL, Abreu‑Goodger C, Bunting S, Xiang Z, Kohlhaas S, 
et al. microRNA‑155 regulates the generation of immunoglobulin class‑
switched plasma cells. Immunity. 2007;27(6):847–59.

 76. Vigorito E, Kohlhaas S, Lu D, Leyland R. miR‑155: an ancient regulator of 
the immune system. Immunol Rev. 2013;253(1):146–57.

 77. Banerjee A, Schambach F, DeJong CS, Hammond SM, Reiner SL. Micro‑
RNA‑155 inhibits IFN‑gamma signaling in CD4+ T cells. Eur J Immunol. 
2010;40(1):225–31.

 78. Nejad C, Stunden HJ, Gantier MP. A guide to miRNAs in inflammation 
and innate immune responses. Febs J. 2018;285(20):3695–716.

 79. Salimi V, Ramezani A, Mirzaei H, Tahamtan A, Faghihloo E, Rezaei F, 
et al. Evaluation of the expression level of 12/15 lipoxygenase and the 
related inflammatory factors (CCL5, CCL3) in respiratory syncytial virus 
infection in mice model. Microb Pathog. 2017;109:209–13.

 80. Zhou X, Li X, Wu M. miRNAs reshape immunity and inflammatory 
responses in bacterial infection. Signal Transduct Target Ther. 2018;3:14.

 81. Lu Q, Wu R, Zhao M, Garcia‑Gomez A, Ballestar E. miRNAs as 
therapeutic targets in inflammatory disease. Trends Pharmacol Sci. 
2019;40(11):853–65.

 82. Nazari‑Jahantigh M, Wei Y, Noels H, Akhtar S, Zhou Z, Koenen RR, et al. 
MicroRNA‑155 promotes atherosclerosis by repressing Bcl6 in mac‑
rophages. J Clin Investig. 2012;122(11):4190–202.

 83. Ye J, Guo R, Shi Y, Qi F, Guo C, Yang L. miR‑155 regulated inflammation 
response by the SOCS1‑STAT3‑PDCD4 axis in atherogenesis. Mediators 
Inflamm. 2016;2016:8060182.

 84. Zhuang Z, Xiao Q, Hu H, Tian SY, Lu ZJ, Zhang TZ, et al. Down‑regulation 
of microRNA‑155 attenuates retinal neovascularization via the PI3K/Akt 
pathway. Mol Vis. 2015;21:1173–84.

 85. Huang RS, Hu GQ, Lin B, Lin ZY, Sun CC. MicroRNA‑155 silencing 
enhances inflammatory response and lipid uptake in oxidized low‑
density lipoprotein‑stimulated human THP‑1 macrophages. J Investig 
Med. 2010;58(8):961–7.

 86. Du F, Yu F, Wang Y, Hui Y, Carnevale K, Fu M, et al. MicroRNA‑155 defi‑
ciency results in decreased macrophage inflammation and attenuated 
atherogenesis in apolipoprotein E‑deficient mice. Arterioscler Thromb 
Vasc Biol. 2014;34(4):759–67.

 87. Arango D, Diosa‑Toro M, Rojas‑Hernandez LS, Cooperstone JL, Schwartz 
SJ, Mo X, et al. Dietary apigenin reduces LPS‑induced expression of 
miR‑155 restoring immune balance during inflammation. Mol Nutr 
Food Res. 2015;59(4):763–72.

 88. Louafi F, Martinez‑Nunez RT, Sanchez‑Elsner T. MicroRNA‑155 targets 
SMAD2 and modulates the response of macrophages to transforming 
growth factor‑{beta}. J Biol Chem. 2010;285(53):41328–36.



Page 13 of 14Hussain et al. European Journal of Medical Research          (2025) 30:393  

 89. Min M, Peng L, Yang Y, Guo M, Wang W, Sun G. MicroRNA‑155 is 
involved in the pathogenesis of ulcerative colitis by targeting FOXO3a. 
Inflamm Bowel Dis. 2014;20(4):652–9.

 90. Zhu M, Wei Y, Geißler C, Abschlag K, Corbalán Campos J, Hristov M, et al. 
Hyperlipidemia‑induced MicroRNA‑155‑5p improves β‑cell function by 
targeting Mafb. Diabetes. 2017;66(12):3072–84.

 91. Lv X, Yao L, Zhang J, Han P, Li C. Inhibition of microRNA‑155 sensitizes 
lung cancer cells to irradiation via suppression of HK2‑modulated 
glucose metabolism. Mol Med Rep. 2016;14(2):1332–8.

 92. Bruning U, Cerone L, Neufeld Z, Fitzpatrick SF, Cheong A, Scholz CC, 
et al. MicroRNA‑155 promotes resolution of hypoxia‑inducible factor 1α 
activity during prolonged hypoxia. Mol Cell Biol. 2011;31(19):4087–96.

 93. Wang J, Zou Y, Du B, Li W, Yu G, Li L, et al. SNP‑mediated lncRNA‑
ENTPD3‑AS1 upregulation suppresses renal cell carcinoma via miR‑155/
HIF‑1α signaling. Cell Death Dis. 2021;12(7):672.

 94. Yan C, Wang P, Zhao C, Yin G, Meng X, Li L, et al. MicroRNA‑155‑5p 
targets NR3C2 to promote malignant progression of clear cell renal cell 
carcinoma. Kidney Blood Press Res. 2022;47(5):354–62.

 95. Meng L, Xing Z, Guo Z, Qiu Y, Liu Z. Hypoxia‑induced microRNA‑155 
overexpression in extracellular vesicles promotes renal cell carcinoma 
progression by targeting FOXO3. Aging. 2021;13(7):9613.

 96. Liu H, Lei W, Li Z, Wang X, Zhou L. NR3C2 inhibits the proliferation of 
colorectal cancer via regulating glucose metabolism and phosphorylat‑
ing AMPK. J Cell Mol Med. 2023;27(8):1069–82.

 97. Qiu T, Ding Y, Qin J, Ren D, Xie M, Qian Q, et al. Epigenetic reactivation of 
PEG3 by EZH2 inhibitors suppresses renal clear cell carcinoma progress. 
Cell Signal. 2023;107: 110662.

 98. Takemoto K, Kobatake K, Miura K, Fukushima T, Babasaki T, Miyamoto 
S, et al. BACH1 promotes clear cell renal cell carcinoma progression 
by upregulating oxidative stress‑related tumorigenicity. Cancer Sci. 
2023;114(2):436–48.

 99. Wang Q, Gao S, Shou Y, Jia Y, Wei Z, Liu Y, et al. AIM2 promotes renal cell 
carcinoma progression and sunitinib resistance through FOXO3a‑
ACSL4 axis‑regulated ferroptosis. Int J Biol Sci. 2023;19(4):1266.

 100. Li X, Yang A, Wen P, Yuan Y, Xiao Z, Shi H, et al. Nuclear receptor subfam‑
ily 3 group c member 2 (NR3C2) is downregulated due to hypermeth‑
ylation and plays a tumor‑suppressive role in colon cancer. Mol Cell 
Biochem. 2022;477(11):2669–79.

 101. Liu T‑T, Yang H, Zhuo F‑F, Yang Z, Zhao M‑M, Guo Q, et al. Atypical E3 
ligase ZFP91 promotes small‑molecule‑induced E2F2 transcription fac‑
tor degradation for cancer therapy. EBioMedicine. 2022;86:104353.

 102. González‑Romero F, Mestre D, Aurrekoetxea I, O’Rourke CJ, Andersen 
JB, Woodhoo A, et al. E2F1 and E2F2‑mediated repression of CPT2 
establishes a lipid‑rich tumor‑promoting environment. Can Res. 
2021;81(11):2874–87.

 103. Qian C, Liu Q. FOXO3a inhibits nephroblastoma cell proliferation, migra‑
tion and invasion, and induces apoptosis through downregulating the 
Wnt/β‑catenin signaling pathway. Mol Med Rep. 2021;24(5):1–10.

 104. Yang Y, Guo Z, Chen W, Wang X, Cao M, Han X, et al. M2 mac‑
rophage‑derived exosomes promote angiogenesis and growth 
of pancreatic ductal adenocarcinoma by targeting E2F2. Mol Ther. 
2021;29(3):1226–38.

 105. Gao Y, Ma X, Yao Y, Li H, Fan Y, Zhang Y, et al. miR‑155 regulates the 
proliferation and invasion of clear cell renal cell carcinoma cells by 
targeting E2F2. Oncotarget. 2016;7(15):20324.

 106. Li S, Chen T, Zhong Z, Wang Y, Li Y, Zhao X. microRNA‑155 silencing 
inhibits proliferation and migration and induces apoptosis by upregu‑
lating BACH1 in renal cancer cells. Mol Med Rep. 2012;5(4):949–54.

 107. Wu H, Wu H, Sun P, Zhu D, Ma M, Fan W. miR‑155‑5p promotes cell pro‑
liferation and migration of clear cell renal cell carcinoma by targeting 
PEG3. Urol Int. 2021;105(9–10):906–15.

 108. Ji H, Li Y, Jiang F, Wang X, Zhang J, Shen J, et al. Inhibition of transform‑
ing growth factor beta/SMAD signal by MiR‑155 is involved in arsenic 
trioxide‑induced anti‑angiogenesis in prostate cancer. Cancer Sci. 
2014;105(12):1541–9.

 109. Gu W, Gong L, Wu X, Yao X. Hypoxic TAM‑derived exosomal miR‑155‑5p 
promotes RCC progression through HuR‑dependent IGF1R/AKT/PI3K 
pathway. Cell Death Discov. 2021;7(1):147.

 110. Chen L, Yang X, Zhao J, Xiong M, Almaraihah R, Chen Z, et al. 
Circ_0008532 promotes bladder cancer progression by regulation 

of the miR‑155‑5p/miR‑330‑5p/MTGR1 axis. J Exp Clin Cancer Res. 
2020;39:1–12.

 111. Zhou B, Ma R, Si W, Li S, Xu Y, Tu X, et al. MicroRNA‑503 targets FGF2 
and VEGFA and inhibits tumor angiogenesis and growth. Cancer Lett. 
2013;333(2):159–69.

 112. Nillesen ST, Geutjes PJ, Wismans R, Schalkwijk J, Daamen WF, van 
Kuppevelt TH. Increased angiogenesis and blood vessel maturation in 
acellular collagen‑heparin scaffolds containing both FGF2 and VEGF. 
Biomaterials. 2007;28(6):1123–31.

 113. Donnem T, Fenton CG, Lonvik K, Berg T, Eklo K, Andersen S, et al. Micro‑
RNA signatures in tumor tissue related to angiogenesis in non‑small 
cell lung cancer. PLoS ONE. 2012;7(1): e29671.

 114. Wang P, Xu LJ, Qin JJ, Zhang L, Zhuang GH. MicroRNA‑155 inversely 
correlates with esophageal cancer progression through regulating 
tumor‑associated macrophage FGF2 expression. Biochem Biophys Res 
Commun. 2018;503(2):452–8.

 115. Liu R, Liao J, Yang M, Shi Y, Peng Y, Wang Y, et al. Circulating miR‑
155 expression in plasma: a potential biomarker for early diagno‑
sis of esophageal cancer in humans. J Toxicol Environ Health A. 
2012;75(18):1154–62.

 116. Kong W, He L, Richards EJ, Challa S, Xu CX, Permuth‑Wey J, et al. 
Upregulation of miRNA‑155 promotes tumour angiogenesis by target‑
ing VHL and is associated with poor prognosis and triple‑negative 
breast cancer. Oncogene. 2014;33(6):679–89.

 117. Sato‑Kuwabara Y, Melo SA, Soares FA, Calin GA. The fusion of two 
worlds: non‑coding RNAs and extracellular vesicles–diagnostic and 
therapeutic implications (Review). Int J Oncol. 2015;46(1):17–27.

 118. Gross JC, Chaudhary V, Bartscherer K, Boutros M. Active Wnt proteins 
are secreted on exosomes. Nat Cell Biol. 2012;14(10):1036–45.

 119. Mathivanan S, Ji H, Simpson RJ. Exosomes: extracellular orga‑
nelles important in intercellular communication. J Proteomics. 
2010;73(10):1907–20.

 120. Zhang J, Li S, Li L, Li M, Guo C, Yao J, et al. Exosome and exosomal 
microRNA: trafficking, sorting, and function. Genomics Proteomics 
Bioinformatics. 2015;13(1):17–24.

 121. Lowry MC, Gallagher WM, O’Driscoll L. The role of exosomes in breast 
cancer. Clin Chem. 2015;61(12):1457–65.

 122. Shao M, Lopes D, Lopes J, Yousefiasl S, Macário‑Soares A, Peixoto D, 
et al. Exosome membrane‑coated nanosystems: exploring biomedical 
applications in cancer diagnosis and therapy. Matter. 2023;6(3):761–99.

 123. Rajagopal C, Harikumar K. The origin and functions of exosomes in 
cancer. Front Oncol. 2018;8:66.

 124. Lee YJ, Shin KJ, Chae YC. Regulation of cargo selection in exosome 
biogenesis and its biomedical applications in cancer. Exp Mol Med. 
2024;56(4):877–89.

 125. Kalluri R. The biology and function of exosomes in cancer. J Clin Inves‑
tig. 2016;126(4):1208–15.

 126. Tai YL, Chen KC, Hsieh JT, Shen TL. Exosomes in cancer development 
and clinical applications. Cancer Sci. 2018;109(8):2364–74.

 127. Raible DJ, Frey LC, Brooks‑Kayal AR. Effects of JAK2‑STAT3 signaling after 
cerebral insults. Jakstat. 2014;3(2): e29510.

 128. Gritsina G, Xiao F, O’Brien SW, Gabbasov R, Maglaty MA, Xu RH, et al. 
Targeted blockade of JAK/STAT3 signaling inhibits ovarian carcinoma 
growth. Mol Cancer Ther. 2015;14(4):1035–47.

 129. Zhao M, Gao FH, Wang JY, Liu F, Yuan HH, Zhang WY, et al. JAK2/STAT3 
signaling pathway activation mediates tumor angiogenesis by upregu‑
lation of VEGF and bFGF in non‑small‑cell lung cancer. Lung Cancer. 
2011;73(3):366–74.

 130. Xue C, Xie J, Zhao D, Lin S, Zhou T, Shi S, et al. The JAK/STAT3 signalling 
pathway regulated angiogenesis in an endothelial cell/adipose‑derived 
stromal cell co‑culture, 3D gel model. Cell Prolif. 2017;50(1).

 131. Yoshimura A, Naka T, Kubo M. SOCS proteins, cytokine signalling and 
immune regulation. Nat Rev Immunol. 2007;7(6):454–65.

 132. Huang FJ, Steeg PS, Price JE, Chiu WT, Chou PC, Xie K, et al. Molecular 
basis for the critical role of suppressor of cytokine signaling‑1 in mela‑
noma brain metastasis. Can Res. 2008;68(23):9634–42.

 133. Zhou X, Yan T, Huang C, Xu Z, Wang L, Jiang E, et al. Melanoma cell‑
secreted exosomal miR‑155‑5p induce proangiogenic switch of cancer‑
associated fibroblasts via SOCS1/JAK2/STAT3 signaling pathway. J Exp 
Clin Cancer Res. 2018;37(1):242.



Page 14 of 14Hussain et al. European Journal of Medical Research          (2025) 30:393 

 134. Matsuura Y, Wada H, Eguchi H, Gotoh K, Kobayashi S, Kinoshita M, 
et al. Exosomal miR‑155 derived from hepatocellular carcinoma cells 
under hypoxia promotes angiogenesis in endothelial cells. Dig Dis Sci. 
2019;64(3):792–802.

 135. Razaviyan J, Sirati‑Sabet M, Hadavi R, Karima S, Rajabi Bazl M, 
Mohammadi‑Yeganeh S. Exosomal delivery of miR‑155 inhibitor can 
suppress migration, invasion, and angiogenesis via PTEN and DUSP14 
in triple‑negative breast cancer. Curr Med Chem. 2024.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Dual role of miR-155 and exosomal miR-155 in tumor angiogenesis: implications for cancer progression and therapy
	Abstract 
	Introduction
	Angiogenesis and cancer
	MiR-155 and biological functions
	MiR-155 and cancer angiogenesis
	Exosome biogenesis and function
	Exosomal miR-155 and angiogenesis in cancer

	Conclusion
	Acknowledgements
	References


