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Abstract
By the year 2035 more than 4 billion people might be affected by obesity and being overweight. Adipocyte-derived 
Extracellular Vesicles (ADEVs/ADEV-singular) are essential for communication between the tumor microenvironment 
(TME) and obesity, emerging as a prominent mechanism of tumor progression. Adipose tissue (AT) becomes hyper-
trophic and hyperplastic in an obese state resulting in insulin resistance in the body. This modifies the energy supply to 
tumor cells and simultaneously stimulates the production of pro-inflammatory adipokines. In addition, obese AT has a 
dysregulated cargo content of discharged ADEVs, leading to elevated amounts of pro-inflammatory proteins, fatty acids, 
and carcinogenic microRNAs. ADEVs are strongly associated with hallmarks of cancer (proliferation and resistance to 
cell death, angiogenesis, invasion, metastasis, immunological response) and may be useful as biomarkers and antitumor 
therapy strategy. Given the present developments in obesity and cancer-related research, we conclude by outlining 
significant challenges and significant advances that must be addressed expeditiously to promote ADEVs research and 
clinical applications.
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1  Introduction

Obesity and overweight are risk factors closely linked to cancer incidence, survival, and mortality among patients. Obesity 
prevalence of obesity has reached epidemic proportions, and continues to trend alarmingly upward. According to data 
from the World Health Organization (WHO), Worldwide obesity has nearly tripled since 1975 with 39% of persons over 
the age of 18 being overweight or obese [1]. The Global Obesity Observatory’s latest projections of global overweight or 
obesity (body mass index BMI ≥ 25 kg/m2) show that among persons aged > 5 years, the number of obese or overweight 
people will reach 4 billion by 2035, increasing from 38% of the population in 2020 to 50%. It is anticipated that the 
prevalence of obesity (BMI 30 kg/m2) would increase from 14% in 2020 to 24% in 2035, reaching approximately 2 billion 
people by 2035 [2]. Every 5 kg/m2 rise over the norm of an individual’s BMI, increases the risk of uterine cancer by 62%, 
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gallbladder cancer by 31%, kidney cancer by 25%, cervical cancer by 10%, and thyroid cancer and leukemia by around 
9% [3, 4]. BMI is also associated with an increased risk of liver, colorectal, ovarian, and postmenopausal breast cancers 
[5]. Dietary factors can also modulate tumor initiation and growth [6]. Increased chronic inflammation and alterations 
in immune cell communities have been identified as a major connection between obesity and malignancies [7]. Thus, it 
is crucial to understand the influence of tumors on surrounding cells in an obese state.

The TME is a highly complex local environment made up of multiple cells which include primary tumor cells, numer-
ous stromal cells (including endothelium, and fibroblasts), various immune cells, adipocytes, extracellular fluids. It is also 
related with several physicochemical factors, most notably hypoxia and decrease in pH [8]. This complex internal milieu 
creates a favorable microenvironment for tumor development and metastasis by allowing numerous cellular and stromal 
components to interact and influence one another. A low-oxygen microenvironment develops in the tumor tissue as a 
result of the rapid multiplication of tumor cells, which in turn increases the tumor’s internal demand for nutrients and 
oxygen. Furthermore, tumor cells constantly modify their gene expression, and metabolic reprogramming, to adapt to 
this hypoxic microenvironment of the tumor [8–10].

Adipocytes are lipid-rich, intensely secretory cells that facilitate the storage of long-chain fatty acids via lipid droplets 
composed of triacylglycerol and cholesterol esters. Adipocytes are typically regarded as energy storage cells. However, in 
recent years there has been increase in interest in the studies of the chemicals present in secretome of AT and adipocyte, 
which regulate inflammation, metastasis, and metabolic remodeling [11]. This review will focus on the function of extra-
cellular vesicles (EVs/EV-singular) released by several types of adipocytes in the growth of tumors and the metabolism 
of obesity.

Expanding research on adiposity has shown that the function of adipocytes in the human body is controlled by the 
location, distribution, and kind of microenvironment in which they reside. AT based on the adipocyte composition can be 
divided into three types: white, beige, and brown [12]. EVs secreted specifically from brown AT have garnered substantial 
attention in recent years. This tissue type is a main adaptive thermogenic site, with evidence showing that its capacity to 
use glucose and lipids for thermogenesis is significant to the prevention of obesity and metabolic disorders [13]. There 
are geographical, morphological, functional, and cancer susceptibility dissimilarities between adipose-derived stem 
cells (ADSCs), cancer-associated adipocytes (CAAs), tumor-stromal adipocytes (TSAs), and normal adipocytes in other 
sections of the body [14–16] (Table 1).

New evidence reveals that Adipocyte-derived extracellular vesicles (ADEVs) constitute a large fraction of the AT 
secretome and may play a role in the etiology of obesity-related metabolic problems [17, 18]. The transfer of biological 
mediators via EVs is quite a particular and highly regulated transport mechanism [19, 20]. To promote tumor growth, 
metastasis, and therapeutic resistance, EVs boost cell–cell contact inside the TME [21–23]. According to studies, ADEVs or 
exosomes are critical in triggering the etiology of numerous illnesses in obese individuals. Studies have begun to focus on 
the modification of the contents of EVs from dysfunctional adipocytes such as miRNA and proteins, and how they impact 
receiving cells. EVs carry biological cargo, thus a thorough analysis of how they affect recipient cells or how they con-
tribute to the development of illness can provide a comprehensive picture that represents the pathophysiological state.

This review aims to highlight the most current studies on the pathogenic consequences of ADEVs in obesity, as well 
as how hypoxic TME affects the composition, production, and release of adipose tissue-derived EVs (ATEVs)and ADEVs. 
The study also gives an outline of the current level of research and use of EV-based therapies.

2 � Overview of extracellular vesicles

EVs are vesicles with a lipid bilayer membrane that originate from the cell membrane by either direct budding or the 
fusion of an endosomal-derived multivesicular body with the cell surface [24] (Table 2). Most studies on EVs have focused 
on their role as signaling carriers in cellular homeostasis and response to changes in pathophysiology, as well as their 
ability to transport nucleic acids, lipids, and proteins across cells [25]. In previous studies, microsomes and exosomes are 
the two primary groups of EVs that have emerged from the extensive naming scheme that takes into account the EVs’ 
cellular origin, size, shape, and payload [25]. Multivesicular endosomes (MVEs) are intraluminal vesicles that fuse with the 
cell surface to release their contents. Exosomes are generated when the endosomal membrane buds inward during MVE 
maturation [26, 27]. Microvesicles are created when the plasma membrane buds and splits apart, releasing intracellular 
contents into the extracellular environment. The diameter range of microvesicles is larger than the diameter range of 
exosomes, and the size range partially overlaps, between approximately 50 nm and 1000 nm [28]. Since the titles were 
frequently used interchangeably, it was not always apparent which kind of EV was being studied in the first articles [29]. 
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In addition, EVs are often examined after being isolated from biofluids or cell culture-conditioned media, which include 
mixtures of EVs from different membrane or organelle origins [29]. Now that EVs smaller than 150 nm in diameter have 
been proven to both bud from the plasma membrane and be generated inside endosomes as intraluminal vesicles, it is 
obvious that not all tiny EVs are exosomes. In light of these problems, the EV sector has been working to describe vesicles 
in terms of their physical properties rather than their biogenesis method [24, 30]. The International Society for Extracel-
lular Vesicles (ISEV) updated minimal experimental standards and recommendations for EV research in 2018 and 2021 
[24, 31]. In this review, publications are evaluated according to those guidelines. Extracellular Vesicle is used to refer to 
exosomes, microvesicles, and other forms of EVs throughout the study.

EVs have become a crucial new method of cellular communication and a pathway for the exchange of bioactive 
chemicals [25]. Emerging evidence suggests that EVs play a significant role in the interaction between adipocytes and 
tumor cells, complementing soluble substances. ADEVs increase the aggressiveness of melanoma cells by transporting 
enzymes and lipid substrates; this effect is increased in obese people [32]. According to breast cancer research, human 
adipose-derived mesenchymal stem cells (ADMSCs) proliferate and migrate when exposed to EVs [33]. Additionally, recent 
research showed that adipose tissue from obese people secretes chemicals and EVs with pro-tumorigenic properties 
that can promote BC cell malignancy by activating the PI3K/AKT and ERK/MAPK pathways [34].

3 � The impact of obesity on ADEVs

Adipose Tissue (AT) is an endocrine organ capable of local and peripheral communication with other tissues as well as 
central communication with the appetite control region of the hypothalamus via the secretion of adipokines. It is also 
capable of communication with molecules involved in immune response and metabolic regulation via paracrine and/
or endocrine action. When there is an imbalance between energy intake and expenditure, excess energy accumulates in 
adipocytes in the form of triglycerides, resulting in hypertrophy and hyperplasia. This leads to a rise in the bulk of adipose 
tissue, which becomes inflammatory and fibrotic. This myriad of events affects adipokine secretion, which contributes 
to the development of obesity-related problems [1] (Fig. 1).

3.1 � Obesity affects the nature, size, concentration of ADEV

In regards to obesity, a number of studies have been conducted via various techniques to characterize primary cell 
cultures of EVs from adipocytes or adipose tissue stem cell cultures, including in vitro cell cultures from mesenchymal 
cells differentiated into adipocytes. Also characterizing EVs isolated from whole adipose tissue secretions in different 
anatomical locations and in different metabolic states. According to a study by Connolly et al. [35], the adipocytes phases 

Fig. 1   The pleiotropic roles of obese adipocyte secretome in cancer cell. In an obese state, adipocytes emit more leptin, increase the expres-
sion of IGF-1 in target cells, and release more ADEVs. Leptin increases P13K, STAT pathway signaling [48, 193]. IGF-1 is responsible for acti-
vating the RAS/RAF signaling network [194]. ADEV includes proteins, RNAs, and lipocalin that stimulate JNK/AP-1, IKK, and NF-KB signaling. 
These signaling mechanisms are triggered and promotes-the progression of cancer [34, 195]
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of development affect the contents in EVs or exosomes secreted by 3T3-L1 cells. High concentrations of adipogenesis 
indicators including peroxisome proliferator-activated receptor gamma (PPAR) and preadipocyte factor-1 (PREF1), as 
well as signaling fatty acids like arachidonic acid, can be found in these exosomes [35]. It’s interesting to note that, dur-
ing the differentiation of 3T3-L1 cells, the level of adiponectin in the released exosomes peaks on day 15 [35]. In another 
study supporting these findings, ADEVs of mouse lineage released by C3H10T1/2 were characterized before and after 
differentiation, as well as after exposure to several therapies designed to enhance insulin resistance and adipose hyper-
trophy [36]. In order to understand cellular communication across tissues, including inflammatory signals and cellular 
interactions with the extracellular matrix (ECM), Camino et al. used a technique that retains the integrity of adipose tis-
sue structure [37–39]. The findings of the research demonstrated that obese visceral adipocytes produce more EVs than 
subcutaneous adipocytes and had a greater protein concentration in EVs [36].

Different populations of EVs known as small extracellular vesicles (sEVs) and big extracellular vesicles (bEVs), are 
secreted by mature adipocytes [40]. In this research, Different sized ADEVs were found to have distinct proteome and 
lipidomic profiles, and their impacts on target cells were also found to vary, as determined by in vitro tests [40]. Another 
study reveals unique in vivo characteristics and functions of bEVs and sEVs in breast cancer, pointing to the significance 
of bEVs in illnesses and in applications for both diagnostic and therapeutic purposes [41]. The number of proteins found 
in bEVs and sEVs were 480 and 168, respectively. β-Actin, flotillin-2 and caveolin-1 are three unique peripheral proteins 
of bEVs that are involved in microvesicle shedding. Externalized phosphatidylserine is another attribute of bEVs. On the 
other hand, sEVs are enriched in tetraspanins CD9, CD63, CD81 Alix, and high cholesterol levels simultaneously [40, 41]. 
In addition, sEVs carrying enzymes involved in glycolysis and those carrying enzymes involved in fatty acid synthesis are 
secreted by white and brown adipocytes, respectively [42]. Compared to bEVs, which are characterized by substantial 
quantities of phosphoserine on the outer membrane leaflet, sEVs released by white adipocytes are significantly richer in 
cholesterol [40]. In a study by Wu et al. the surface proteins on these various ADEVs types have been profiled [43], which 
not only aids in identifying them but also offers possible clinical uses for these EVs [43, 44]. Nevertheless, The differences 
between the healthy and pathological roles of sEVs and bEVs generated by adipocytes are currently poorly understood.

Studies on the size, nature, and concentration of secretome released from AT have revealed higher concentrations 
of EVs in secretions from obese adipocytes depending on the site of origin and metabolic status (obese and lean). Thus 
indicating that the number and dynamics of secreted vesicle mechanics are highly dynamic and also regulated by the 
physiology of the cell of origin. We may thus assert that AT secretes vesicles of various sizes and qualities, the concentra-
tion of which is dependent on the tissue’s type and nutritional state.

3.2 � Obesity affects the cargo of ADEVs

Since the discovery of EVs, the idea that their cargo can act as disease markers has been incredibly intriguing. Due to 
the fact that the cargoes are exclusive to certain cell types, they can additionally serve as a marker of altered activity in 
a particular tissue, such as AT. Many illnesses have been shown to exhibit stage-dependent variations in cargo composi-
tion, highlighting the utility of EV cargo profiling for tracking disease development [45]. The function of EVs is largely 
governed by their cargo, to which membrane antigens and molecular carriers are crucial for their functional effects on 
target cells/tissues. Interestingly, the obesity implications on EV cargo sorting provide compelling examples of how EV 
biosynthesis and secretion might be targeted to control cell biology. Here, we focus on how obesity-related diseases 
affect cargo sorting in cell types.

In obese individuals, ADEV size, number, and cargo composition are all changed, in part due to metabolic changes in 
the cellular concentrations of palmitic acid and ceramide [46–48]. There is a correlation between obesity and increased 
AT leptin secretion, with leptin enhancing the secretion of exosomes from breast cancer cell lines, which promotes oxida-
tive metabolism and angiogenesis in the receiving cells [49]. Exosome production is stimulated by leptin via receptor-
signaling HSP90, which in turn interacts with TSG101 to upregulate its protein expression [48, 50] (Fig. 2). The EVs have 
a higher concentration of HSP90 and other leptin signaling components, which further spreads the activation of leptin 
signaling in recipient cells [48]. Recent studies have also suggested substantial EV transfer across adipocytes, cardiac 
cells, -cells, macrophages, and cancer cells, indicating that EV dysregulation may underlie the development of metabolic 
comorbidities including obesity, cardiovascular disease, and cancer [18, 51].

Additionally, ADEVs may carry miRNA to influence the activity of recipient cells. miRNA functions as a post-tran-
scriptional regulator of messenger RNA production and promotes changes in protein products [52]. An elegant study 
demonstrates that in genetically engineered mice lacking the miRNA-processing enzyme (Dicer) in the AT, circulating 
miRNA levels are drastically reduced, and this reduction can be reversed by transplanting a fat depot, indicating that 
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adipose tissue is the primary source of circulating miRNA [53]. Under conditions of obesity, dysfunctional adipocytes 
will exhibit dysregulated exosome secretion, which contributes to alterations in circulating miRNA composition [54]. The 
ADEV-miRNA alterations associated with obesity have been summarized in Table 3. Changes in the content of circulating 
microRNAs may explain clinical conditions in obese people [55].

3.3 � Hypoxia and EVs

A fall in tissue oxygen saturation is referred to as hypoxia. Obesity, lung illness, myocardial infarction (MI), and brain or 
limb ischemia are frequent pathological diseases linked to hypoxia [56–59]. Hypoxic TME is caused by an increase in 
oxygen demand or a rise in blood volume due to excessive cell proliferation [60, 61]. Hypoxia generates excess reac-
tive oxygen species (ROS), causing oxidative stress, which then affects metabolic signaling and Hypoxic EVs (HypoEVs) 
content. The signaling pathway for hypoxia-inducible factor (HIF) is activated by hypoxia [62, 63]. Prolyl-4-hydroxylases 
(PHDs) quickly hydroxylate HIF-subunits in normoxic circumstances and route it to proteasomal breakdown. However, in 
the presence of hypoxia, this breakdown process is inhibited, and the HIF- subunits translocate into the nucleus where 
they attach to HIF-1 (HIF1B). The vascular growth factors VEGF-A and PDGF-B are among the more than 100 target genes 
that are upregulated as a result of the heterodimeric complex HIF binding to the hypoxia-responsive elements (HREs) 
within the promoter regions thus promoting tissue survival [64]. Additionally, hypoxia could activate HIF-independent 
signaling pathways, such as nuclear factor NF-kB [65], mTOR [66], and STAT3 pathways, hence boosting cell proliferation 
and inflammatory responses [67].

Cancer-related cells produce more EVs than healthy cells because intracellular communication or nutrient exchange 
is necessary [68] (Fig. 3). EVs are believed to be twice as common in the blood of cancer patients as in healthy individuals 
[69]. Therefore, it makes sense to assume that more exosomes are required to meet the needs of cell communication in 
cancer given the complex hypoxic environment that arises in tumors. The validity of this hypothesis has been demon-
strated in several cancers, including glioma [70], breast cancer [71, 72], hepatocellular carcinoma [73], pancreatic cancer 
[74], gastric cancer [75], colorectal cancer (CRC) [76, 77], and prostate cancer [78], with various functions being mediated 
by exosome cargoes. Together, these findings show that hypoxia affects tumors by producing more cancer cell exosomes, 
which can communicate with neighboring cells. Interestingly, hypoxia also causes a rise in exosome production in non-
cancerous cells [79, 80], demonstrating that exosome production is uniformly increased by hypoxia. However, it is still 
unclear how precisely hypoxia stimulates the release of exosomes from cancer cells.

3.4 � Hypoxia in obesity affects the cargo of the ADEVs

The main phases in EVs release are, cargo sorting, MVB transport, and fusion with the plasma membrane. Hypoxia 
may have an effect on all these steps. The recruitment of the membrane-anchored Ras superfamily of small G pro-
teins (RABs) for membrane budding and fusion events is a recognized pathway for EV formation. There are hints that 
the activation of HIFs may immediately impact the RAB-dependent EV biogenesis pathways. The release of EVs from 
breast cancer cell lines was demonstrated to be induced by hypoxia, and this induction was abolished when HIF1 or 

Fig. 2   Obesity-leptin signaling 
and Hypoxia regulate cargo of 
the ADEV. Hypoxia activates 
HIF1α-mediated transcrip-
tional upregulation of 
circRNAs, miRNAs, and mRNAs 
that, along with the proteins 
they encode, enter EVs [196]. 
Leptin signaling activates 
transcription of HSP90 [48, 
50], which stabilizes ESCRT-I 
subunit TSG101 and increases 
endosomes and the num-
ber of EVs [50]. In contrast, 
AMPKα1 would negatively 
regulate TSG101 protein levels 
[197]
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2 were silenced, indicating that the release of the EVs was HIF-dependent [81]. Additionally, it was discovered that 
HIFs directly attach to the RAB-A locus and trigger the production of RAB22A, a protein necessary for the budding of 
microvesicles from the plasma membrane. It was possible to stop the release of EV caused by hypoxia by inhibiting 
RAB22A expression. The observed enhanced release of EVs owing to hypoxia was found to be dependent on the direct 
binding of HIF1 to the RAB-A promoter in B cells [82]. Several tetraspanin membrane proteins, including CD81 and 
CD63, as well as TSG101, are exosome markers that are useful for detecting hypoxia regulation. Some of these mark-
ers are both sorting mediators and exosome cargo. Exosomes have a high concentration of CD63, which has been 
linked to its role in endosomal sorting during melanogenesis [82]. The sorting of diverse payloads into exosomes also 
directly involves the tetraspanins CD81, CD82, and CD9. Tetraspanin is shown by many researchers to be increased 
by hypoxia. For instance, poor outcomes for patients with GIST (gastrointestinal stromal tumors) are associated with 
overexpressed CD63 and GLUT-1 [83], which are markers of hypoxic state. These investigations inferred support for 
the hypothesis that cargo loading and EVs release may be impacted by exposure to hypoxia.

Furthermore, hypoxia modifies the nucleic acid composition of EVs. Under hypoxic circumstances, several miRNAs 
are transcriptionally activated by HIF1 and are hence more abundantly produced in EVs (Fig. 2). These include miR-
210 and miR-21, which give cardioprotective anti-apoptotic effects in myocardial hypoxia models [84, 85]. In several 
cancer and cardiovascular disease models, HypoEVs include elevated concentrations of pro-angiogenic miRNAs 
[86–88]. Circular RNAs (circRNAs) may suppress these miRNA activities, and hypoxia signaling seems to fine-tune the 
downstream effects of EVs by modifying both the miRNA and circular RNA payloads. In hypoxic pancreatic cancer 
cells, for instance, the circular RNA circZNF91 is increased by HIF1 and delivered as EV cargo to recipient cells, where it 
functions as a sponge to suppress miR-23b-3p and facilitate additional HIF1-mediated transcriptional reprogramming 
[89]. The hypoxic increase of circRNA cargo in EVs is linked to ischemic heart disease, CRC, and diabetic retinopathy 
[90–93]. Hypoxia also induces HIF1-mediated overexpression of mRNAs (and their associated proteins) in glioma EVs, 
as well as altered levels of cardiac fibrosis-promoting lncRNAs in cardiomyocyte EVs [94, 95].

Hypoxia in adipocyte and AT is brought on by lipid overloading and the ensuing hypertrophy of adipocytes 
because of inadequate blood flow [96]. Meanwhile, the contents of EVs are similarly impacted by hypoxia. Adipose 

Fig. 3   Extracellular vesicles: the cross-talk in obese ATME and TME. EVs play important roles in both obesity and TME. Obesity can lead to 
chronic inflammation, activate inflammatory cells in the TME, and the ADEV secreted by ObAs can induce and maintain the TME [198]. 
Meanwhile, tumor cells activate healthy AT by releasing EVs, leading to decreased lipid content and decreased adipocyte markers, which are 
referred to as CAAs [199]. CAAs are one of the main energy-supplying cells of tumor cells [161, 200]. In addition, EVs can also regulate meta-
bolic pathways and signaling pathways of tumor cells in the pathological state of obesity, promoting tumor formation and progression. The 
special metabolic state of obesity also affects the composition and production mode of EVs, which reshapes TME and affects the death or 
survival of tumor cells while regulating metabolic networks. As an important signaling molecule or regulator, EVs play an important role 
in regulating tumor development. ADSC adipose-derived stem cells, ECM extracellular matrix, ObAs obese adipocytes, ADEVs adipocyte-
derived extracellular vesicles, TEVs tumor cell-derived extracellular vesicles, CAAs cancer-associated adipocytes, TSAs tumor-stromal adipo-
cytes, CAFs cancer-associated fibroblasts, CAMs cancer-associated macrophage
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tissues experience hypoxia when the size of the fat pad rises. Hypoxia enhances the metabolic process-related adi-
pocyte exosomal proteins [97]. A hypoxic state enhances the exosomal proteins involved in lipid syntheses, such as 
acetyl-CoA carboxylase, glucose-6-phosphate dehydrogenase, and fatty acid synthase, according to research using 
3T3-L1 adipocyte models. In comparison to normoxic settings, these proteins are expressed at levels that are three to 
four times higher [97]. Obese patients have shown impacts of obesity on the exosomal cargo of adipocyte-derived 
exosomes. A clinical investigation demonstrates that obese patients’ subcutaneous adipocyte-derived exosomes 
are enriched in proteins associated with fatty acid oxidation [32]. This provides proof of a link between obesity and 
hypoxia, and the altering of EVs of adipocytes in a state of hypoxia.

Hypoxia is a key factor in AT dysfunction and an important pathophysiological phenomenon in obesity diseases 
and altered TME [98, 99]. Mature adipocytes, resident immune cells like macrophages, fibroblasts, and the stem 
cell population known as “preadipocytes” are all different cell types that make up the adipose tissue microenviron-
ment (ATME) [100–102] (Fig. 3). The ATME is well-vascularized and abundant in anti-inflammatory cytokines (such 
as IL-4, IL-10, and IL-13) at healthy body weight settings (metabolic homeostasis), and as a result, harbors a vari-
ety of immune cells, including IL-4-producing eosinophils, group 2 innate lymphoid cells, M2 macrophages, and 
type 2T helper (Th2) cells. Adipocytes undergo hyperplasia and hypertrophy in response to body weight growth 
or metabolic obesity, as the vascular supply is constrained, these cells become stressed forming a hypoxic zone 
(100 μm away from functional blood vessels [103], with a partial pressure of oxygen < 10 mmHg [24]). This causes 
the release of damage-associated molecular patterns into the ATME, which causes innate immune cells (for example, 
dendritic cells, macrophages, and granulocytes) to invade and become activated [104], further participating in the 
chronic inflammatory response and altering the release of different EVs from adipocytes [105]. Moreover, elevated 
HIF-1 was detected in the AT of obese mice, and HIF-1 subunits have been directly linked to adiposity as well as the 
response to hypoxia [106, 107]. This is further supported by palmitate, a fatty acid that can harm cardiomyocytes 
by increasing ANT2 activity, which raises adipocyte oxygen consumption and HIF1 expression [108]. It is certain 
that HIF-1 expression is also enhanced in the AT of obese people [109, 110]. Curiously, HIF1 overexpression is both 
a marker of adipose tissue expansion and a contributor to that expansion, since it encourages further adipose 
growth by decreasing adipocyte fatty acid oxidation and raising intracellular fatty acid accumulation [111, 112]. 
Since adipocytes are crucial to the hypoxic microenvironment and TME, studying their cellular communication has 
been a popular area of study in recent years.

4 � ADEVs and hallmarks of cancer

The relationship between adipocytes and tumors has been better understood as a result of recent research on 
adipocyte-derived extracellular vesicles (ADEVs) with cancerous origin. By carrying fatty acids, adipose exosomes 
play a vital role in the development of cancer. They allow for metabolites, many non-coding RNAs, protein-degrading 
enzymes, and oxidative enzymes to enter cancer cells [11, 32, 113, 114]. Additionally, miRNAs, circRNAs, adipokines, 
and inflammatory components can be transported by tumor EVs to adipocytes, regulating AT development and sub-
stance release. This can cause the adipose to continue developing into CAAs, creating a setting for the survival and 
growth of cancer under hypoxic TME. Adipocytes-tumor cells crosstalk may therefore be mediated by EVs (Fig. 3).

Currently, few studies on EVs have concentrated on CAA EVs, with the majority of studies focusing on exosomes 
produced from cancer cells. In reality, tumor cells’ crosstalk with adipocytes results in evident structural and func-
tional alterations to EVs [32]. For instance, proteins implicated in FAO are found in melanoma-associated adipocytes, 
which causes metabolic reprogramming in tumor cells. The combined impact of obesity and cancer, which worsens 
the symbiotic interaction between adipocytes and cancer cells, increases the number of exosomes released and their 
impact on tumor aggressiveness [32]. The capabilities that cancer cells have acquired were outlined by renowned 
cancer researchers Hanahan and Weinberg [8, 115], and as cancer has progressed, so has this knowledge. Literature 
shows, obesity, the microbiota, and autophagy are oncological factors [105, 116–118]. Numerous bio functions can 
be mediated by exosomes from cancerous or cancer-related cells, and hypoxia enhances these bio functions. Here, 
we give a few basic, illustrative, but not all-inclusive examples of several elements (Fig. 4; Table 4).
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4.1 � Proliferation and resisting cell death

ADEVs have been shown to have an abnormally high concentration of miR-155, a microRNA that contributes to 
insulin resistance in obese people [119]. A proliferative/antiapoptotic impact of miR-155 in breast cancer cells is 
mediated via caspase-3, Fas-associated death domain (FADD), receptor-interacting protein 1 (RIP-1), and apoptosis 
peptidase activating factor-1 (APAF-1) [120]. Additionally, miR-155 targets the tumor protein P53 inducible nuclear 
protein 1 (TP531NP1) in MCF-7 breast cancer cells, providing resistance to cell death [121]. Via cell-to-cell contact, 
the miRNAs present in ADEVs can also operate as tumor suppressors by preserving homeostasis. For instance, miR-
148b, which AT secretes into exosomes, suppresses tumor growth in breast cancer cells [122]. The significance of 
obesity-associated adipose tissue in malignant transformation is further supported by the fact that these miRNAs 
are downregulated and their pro-apoptotic activity is reduced in obese settings.

When the body is in an obese state, ADEVs can also transport micro proteins that impact ferroptosis in tumor cells 
[123]. Microsomal triglyceride transfer protein (MTTP) is abundantly expressed in AT and regulates lipid metabolism 
by promoting triglyceride transport between membrane vesicles [124], which is strongly associated with the pre-
vention of ferroptosis. Proline-rich acidic protein 1 (PRAP1) colocalizes with MTTP in the endoplasmic reticulum (ER) 
and enhances MTTP-mediated lipid transport [125]. In a recent study on CRC, researchers discovered that elevated 
expression of MTTP inside ADEVs in individuals with a high BMI prevented lipid peroxidation through MTTP/PARP/
Zinc finger E-box binding homeobox 1(ZEB1), which in turn inhibited ferroptosis [123]. These findings show that EVs 
released by adipose tissues actively contribute to cell homeostasis under normal circumstances. However, under 
obese circumstances, changes in their cargo composition may prevent tumor cells from dying off and speed up 
the progression of cancer.

ADSCs-derived EVs regulate proliferation of cancer cells through Wnt/β-Catenin signaling regulation [126]. 
The procollagen galactosyltransferase 2 (COLGALT2) pathway is activated by ADSC-derived exosomes, leading to 
increased proliferation and development of osteosarcoma cells [127]. Recent studies have demonstrated that breast 
cancer cells transport miRNA-rich exosomes to adipocytes, where they transform resident adipocytes into CAAs 
like miR-144, miR-12, and miR-155 [128]. Additionally, miR-122 promotes the development of the disease by reduc-
ing the glycolytic enzyme pyruvate kinase, which inhibits the uptake of glucose in premetastatic niche cells [128].

Fig. 4   ADEV and the hallmarks of cancer under obesity. ADEV have been shown to play a crucial role linking obesity to the hallmarks of 
cancer, including but not limited to the tumor cell cycle, proliferation, migration, and metastasis, and thus promoting tumor formation and 
progression. ADEV can increase cancer cell proliferation through the activation of cAMP response element-binding (CREB) and extracel-
lular signal-regulated kinase (ERK) signaling pathways [201], as well as induce tumorigenesis by regulating SOX-9 [202]. ADEV can stimulate 
cancer cell migration and metastasis by activating JAK/STAT-3 and TGF-β/SMAD signaling pathways [135]. Additionally, ADEV can regulate 
FAO and EMT processes to facilitate cancer cell metastasis by increasing the expression of matrix metalloproteinases (MMPs) and integrins 
to promote cell migration and invasion [32]. ADEV can also reduce apoptosis rates, promote malignant transformation, and advance malig-
nancy progression cancer cells. Moreover, ADEV can alter cell transcriptomes and metabolomes, affecting cell survival and internal environ-
ment. Considering the crucial role of ADEVs in cancer cell growth, evolution, and metastasis, ADEV has become a new therapeutic target 
and an essential strategy for cancer treatment
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4.2 � Angiogenesis, invasion, and metastasis

Endothelial cells (ECs) migrate and multiply to form new blood vessels during angiogenesis, which is the process 
by which new blood vessels are formed from existing vascular networks [129]. Through the provision of additional 
nutrients and oxygen as well as the purification of waste materials, this mechanism supports tumor development 
[130]. An equilibrium between pro- and anti-angiogenic signaling pathways controls angiogenesis in physiological 
settings [131]. ECs migrate and multiply in metabolically difficult conditions, such as hypoxic and nutrient-deprived 
tissues, when this equilibrium is broken in tumor tissues. The stromal vascular fractions of adipose tissue produce a 
high number of proteins involved in angiogenesis, wound healing, and tissue regeneration [131, 132]. The secretome 
of adipose tissue also contains pro-angiogenic proteins. Recent research has examined the involvement of EVs in 
hypoxia-induced tumor angiogenesis in an increasing number of investigations [133].

For instance, hypoxic extracellular vesicles (HypoEVs) produced from extremely malignant glioblastoma multi-
forme cells promote pericyte migration and angiogenesis by encouraging EC release of cytokines and growth factors 
in adipose tissue [94]. Moreover, the study showed that angiogenic proteins such as VEGF-D, CCL2, and IL-8 were 
absorbed by ECs in the EVs generated by ADMSCs. The ECs undergo differentiation after internalization, produce more 
migration, go through a tube-like structure in a test tube, and encourage angiogenesis in a living organism [134]. In 
a study by Wang et al. study, ADMSCs treated with VEGF-C release EVs enriched in miR-132, demonstrating another 
use for ADMSCs-derived EVs [135]. Through controlling TGF-/Smad signaling, miR-132 translocation to lymphatic ECs 
encourages lymphangiogenesis, a process that takes place during tumor spread [136]. AT from obese patients has 
increased levels of miR-31, which is linked to angiogenesis, compared to healthy participants [137]. Human umbili-
cal vein endothelial cells (HUVECs) can migrate and form tubes when exposed to exosomes made from ADMSCs, as 
shown by Kang et al. [138].

Cancer cells can migrate from the main tumor by an epithelial-to-mesenchymal transition (EMT), and then colonize 
a secondary site through a mesenchymal-to-epithelial transition during metastasis (MET). At both the primary and 
secondary tumor locations, each of these occurrences modifies the TME. Via EMT, invasion is induced by the trans-
formation of tumor cells, which is accompanied by the production of a pro-inflammatory tumor-associated stroma. 
Intrinsic factors, such as the activation of signaling pathways, transcription factors, microRNAs, or epigenetic modi-
fications, control the onset of EMT. These intrinsic factors are in turn impacted by extrinsic factors, such as interac-
tions between the tumor and the stroma [139, 140]. The Janus kinase (JAK)/signal transducers and activators of the 
transcription (STAT-3) pathway are activated by the epidermal growth factor receptor 1 (EGFR-1) and IL-6 in patients 
with type 2 diabetes mellitus, which results in the migration and metastasis of breast cancer cells [141]. Furthermore, 
these vesicles induced the upregulation of genes involved in breast cancer cell migration, such as C-X-C chemokine 
receptor type 4 (CXCR4) and vascular endothelial growth factor C. These vesicles also upregulated genes involved in 
metastasis, including tumor growth factor (TGF-b), basic fibroblast growth factor (bFGF), and epidermal growth fac-
tor (EGF). According to this theory, Ramos-Andrade et al. have previously shown that the transfer of MMP-9 from EVs 
produced from obese adipose tissue increases the invasive potential of MDA-MB-231 cells [34]. Studies of HypoEVs 
from CRC [142], bladder cancer [143], gastric cancer [75], and lung cancer have demonstrated the role of HypoEVs 
in driving invasion and metastasis.

4.3 � Immune response

Bioactive compounds, especially chemicals and reactive oxygen species (ROS), may be introduced into the TME as a 
result of inflammation. These molecules are highly mutagenic to the surrounding cancer cells, hence promoting their 
genetic development toward greater malignancy. Given that inflammation aids in the formation of these essential 
signature abilities, it is seen as a facilitating trait [8]. Obesity is associated with an increased risk for developing cancer 
and a poor prognosis, as shown by the release of ADEVs in the TME.

Sun et al. demonstrated that AT is directly involved in chronic inflammation inside the breast cancer microenviron-
ment, where it promotes adipocyte hyperplasia and cytokine-related signaling pathways in macrophage. Additionally, 
they demonstrated that the formation of breast cancers is driven by macrophage infiltration in AT [144]. In a similar 
vein, Nieman et al. demonstrated that adipocytes in the omentum secrete adipokines like IL-8, which promote the 
invasion and migration of ovarian carcinoma cells [145]. Zhao et al. found that when macrophages took up mouse 
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exosomes produced by ADMSCs, mRNA levels of arginase-1 and interleukin-10 increased while mediating phospho-
rylated STAT-3, leading to polarization of macrophages toward the M2 phenotype [146]. It’s crucial to remember that 
Tumor-associated macrophages (TAMs) behave similarly to M2 macrophages in the tumor microenvironment [147]. 
M2-macrophages, which lack activity and phagocytic capacities, generate and release growth factors (fibroblast 
growth factor [FGF], macrophage-colony stimulating factor [M-CSF], and platelet-derived growth factor [PDGF]). 
Tumor growth is promoted by the immunosuppressive nature of the microenvironment and the growth factors 
PDGF, TGF-1, and VEGF [148].

Since the success of checkpoint blockade (such as with drugs that target PD-1 or PD-L1), immunotherapy has estab-
lished itself as a viable cancer therapeutic option. Programmed cell death ligand 1 (PD-L1) overexpression inhibits the 
anticancer effects of cytotoxic T lymphocytes by causing inhibitory signaling [149]. A decrease in CD8+ and fatigue of 
tumor-infiltrating lymphocytes have been linked to increased tumoral expression of PD-L1 in hepatocarcinoma and mela-
noma in an obesity-related animal model. Intriguingly, they demonstrated that TNF- and IL-6 generated by adipocytes 
still had a comparable effect even after both cytokines had neutralized the expression of PD-L1 [150]. The first immune 
response regulator in terms of signaling suppression is the surface expression of ligands or receptors, and HypoEvs can 
alter this expression. Oral squamous cell carcinoma (OSCC)-derived HypoEVs miR-21 promotes the expression of PD-L1 
in ADSCs, which reduces the antitumor activity of T cells [151].

4.4 � Metabolism reprogramming

Metabolic reprogramming, such as the Warburg effect, occurs in cancer cells even under normoxia [152]. Investigating 
the involvement of EVs in metabolism in the hypoxic TME is crucial since metabolism has significant effects on cancer 
biology. Glycolysis enhances tumor cell metabolism by facilitating the dysregulation of cellular energy complexes such 
as the production of biomolecules through the pentose phosphate route rather than from intermediary molecules. Once 
the oxygen in the tumor microenvironment is depleted, transcription factors like HIF-1 are activated, which encourages 
the action of the glycolytic enzymes [8, 115].

The breast, subcutaneous, periprostatic, and visceral abdominal fat found in appendices epiploic ae, mesentery, and 
omentum are among the most adipose-rich tissues in humans. The “success” of tumor formation in tumors growing 
next to these adipose depots depends on the tumor’s capacity to trigger metabolic change and rewire adipocytes to 
support tumor growth [153, 154]. The adipocytes’ energy reserves of lipids and long-chain fatty acids (FA) are accessed 
by tumor cells and used as their main energy source. When the demand for adenosine triphosphate (ATP) is high during 
rapid tumor growth, loss of attachment to the extracellular matrix, and metastasis, fatty acid oxidation (FAO) becomes 
essential for cancer cells [155]. Fatty acids may enter a tumor through interactions with adipocytes in the TME or through 
the bloodstream. Following cellular absorption, FA are retained in tumor cells as lipid droplets, which are then released 
during lipolysis. Monoacylglycerol lipase (MAGL), an enzyme that releases free fatty acids (FA) from monoacylglycerol 
during lipolysis, is found in abundance in aggressive cancer cell lines. Tumor growth and cancer cells’ migration capacity 
are both decreased when MAGL is inhibited [156]. Breast, prostate, and melanoma cancers interact metabolically with 
CAAs locally, switching the cancer cells’ metabolic pathway from glycolysis to lipid-dependent energy production. Ovar-
ian, colon, and stomach tumors also engage in this metabolic symbiosis.

ADEVs have been shown to interact with melanoma, breast, and ovarian cancer cells in recent investigations, regu-
lating their metabolism and boosting several malignant features [157, 158]. Examples of fatty acid metabolism-related 
enzymes found in ADEVs include trifunctional enzymes and 3-hydroxyacyl-CoA dehydrogenase. They boost melanoma 
cell motility, lipid metabolism, and respiratory chain activity through affecting the fatty acid oxidation cycle in malig-
nant cells [32]. Cancer cells interact with adipocytes, which provide the TME with FFA, leptin, ketone bodies, and other 
macromolecules that alter cancer cell metabolism. The Warburg effect may also be triggered when cancer cells acquire 
glycolytic enzymes from adipocytes in the bone marrow. After being taken in, cells undergo oxidative stress, releasing 
ROS into the TME, which triggers the “reverse Warburg effect” and initiates aerobic glycolysis, leading to the production 
of high-energy metabolites [127]. Furthermore, EVs produced by cancer cells carry glycosidases, which can break down 
ECM constituents like glycoproteins and proteoglycans within the ECM thereby remodeling it and encouraging tumor 
development [159]. According to a metabolomics investigation, MSCs-derived EVs contained glutamate and lactate. Lac-
tate may help cancer cells survive in hypoxic and nutrient-poor conditions, whereas glutamate may provide precursors 
for the major macromolecular classes through the movement of carbon and nitrogen [160]. Additionally, carbohydrates 
and amino acids are transported between cancer cells and CAAs in EVs, providing a steady supply of fuel and building 
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blocks for the tissue [128]. Wu et al. found serval miRNAs in EVs, such as miR-105, miR-122, miR-126, and miR-155, are 
essential for reprogramming the energy metabolism in CAA and breast cancer cells [128].

5 � Obesity to cancer progression and metastasis

Growing evidence suggests the link between obesity and cancer [157–159]. Obesity may not only contribute to carcino-
genesis, but also play an important role in tumor development and metastasis [101]. EVs consist of plasma-transported 
vesicles released by human tissues and indicative of metabolic state. In metabolic illness, the profile of exosomes (espe-
cially their microRNA content) is changed [160]. EV circulating in type 2 diabetes mellitus (T2DM) plasma promote 
transcriptional alterations associated with tumor progression and pro-metastatic characteristics in target cancer cells, 
thereby connecting obesity to cancer progression and metastasis [161].

5.1 � Obesity and tumorigenesis

Recent research has emphasized the contributions of the triad of overweight/obesity, insulin resistance (IR), and adipo-
cytokines to cancer. Although the role of obesity in cancer etiopathogenesis is still not completely remains incompletely 
understood, the primary pathways connecting obesity and cancer include: (1) hyperinsulinemia/IR and abnormalities 
in the IGF-1 system and signaling; (2) sex hormone biosynthesis and pathways; (3) subclinical chronic low-grade inflam-
mation and oxidative stress; (4) alterations in adipocytokine pathophysiology; (5) factors originating from ectopic fat 
deposition; (6) microenvironmental and cellular perturbations; (7) circadian rhythm disruption and dietary nutrients; (8) 
altered gut microbiome; (9) mechanical factors in obesity; (10) extracellular matrix remodeling and angiogenesis; (11) 
adrenergic signaling. Figure 1 illustrates the mechanisms linking obesity to cancer.

5.2 � Obesity and tumor progression

Chronic inflammation brought about by obesity has the potential to not only cause tumors to form, but also to supply 
tumor cells with growth factors and inflammatory factors in the microenvironment of the tumor that are helpful to the 
advancement of the cancer [7, 101, 162]. These under this conditions, triggers alterations of normal leptin and adiponectin 
levels, which in combination with the co-occurrence of other changes, including infiltration of macrophages, mitochon-
drial dysfunction and increased ER stress response may be associated with promotion of cancers such as CRC in obese 
individuals [163–165]. Because they are a source of energy, High quantities of FFAs seen in obese AT may encourage the 
formation of tumors due to them being hey are a sources of energy [166]. In addition, obesity may increase the resistance 
of tumor cells to apoptosis, reflecting resistance to cell death and sustained proliferation as hallmarks of cancer [167].

5.3 � Obesity and tumor metastasis

The composition and architecture of the cellular matrix can be altered by obesity, which can make it easier for tumor cells 
to invade and migrate through the body [123]. According to a number of studies, obesity can encourage tumor cells to 
create a greater ability for migration, which in turn promotes the spread of tumor metastasis [168]. In BC, adipocytes of 
tumor-stromal interface CAAs acquire a fibroblast-like phenotype linked with increased invasiveness via the production 
of different proteases and cytokines [169]. It is possible that the ADEV seen in the AT of obese people have a role in the 
promotion of tumor metastasis. This involvement may involve modifying TME as well as encouraging the migration of 
tumor cells.

5.4 � ADEV bridging obese ATME and TME

ATME and TME are frequently linked and interact, and the transport of ADEV is a key means of information transmission 
[18]. The results of previous research indicate that ADEV not only reflects the metabolic condition of obese individuals, 
but also provides functional instructions that may differentially induce tumor growth [32, 161, 162]. This may explain 
why cancer patients with obesity and/or metabolic illness have more advanced tumors and lower outcomes than those 
with normal metabolism (these include shorter disease-free survival and greater risk of recurrence of obesity-related 
cancers). The ATME in BC and obese individuals with metabolic problems, as well as the accompanying inflammation, 
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may interact with malignant cell clones via cytokines, chemokines, metabolites, and ADEVs [96, 162]. We propose that 
this TME is associated with more transcriptional plasticity and metastatic behavior than the ATME of individuals with a 
normal metabolism.

Milbank et al. suggested that specific modulation of hypothalamic AMPK using a sEV-based technology may be a 
suitable strategy against genetic forms of obesity [163]. A recent study showed that EV-induced proliferation and mito-
chondrial activity are associated with stimulation of the Akt/mTOR/P70S6K pathway, and are reversed upon silencing of 
P70S6K. This study reveals a new facet of the obesity-breast cancer link with human breast ADEVs causing the metabolic 
reprogramming of ER+ breast cancer cells [164]. ADEVs deliver insulinotropic cargo to pancreatic-cells. ADEV proteins 
were subjected to phosphorylation upon transfer, which boosted insulinotropic GPCR/cAMP/PKA signaling by boosting 
total protein abundances and phosphosite dynamics, and eventually increased glucose-stimulated first-phase insulin 
secretion (GSIS) [165]. In conclusion, drug delivery is a promising use of ADEV; for instance, novel engineering and devel-
opment methods are being created for therapeutic targeting. The subject of ADEV biology is advancing quickly, however 
the ideal application of exosomes in precision medicine has not yet been determined.

6 � Clinical applications of ADEV

Further research might evaluate how obesity influences the interaction between ADEVs and target cells, as well as investi-
gate the physiological and pathological functions of these ADEVs. ADEVs also play a significant role in how obesity affects 
TME, particularly hypoxia TME, by serving as “signaling station” or “processing plant” in cellular communication. Therefore, 
Hypoxic ADEVs in physiological fluids may be employed as a surrogate biomarker of hypoxia and for cancer prediction.

6.1 � EV as biomarkers for diagnosis of cancers

The fields of precision oncology and liquid biopsy are making strides forward with the expansion of precision medicine. 
Tissue biopsies often only sample from one or a small number of locations, which may not be representative of the 
tumor’s spread across the body. Liquid biopsy procedures, which include the analysis of circulating tumor DNA (ctDNA), 
EV, CTCs, and other biochemicals, seem to be able to get over these limitations [166, 167]. EVs are advantageous indicators 
for monitoring dynamic intratumoral heterogeneity because of their various biochemical components, which comprise 
not only DNA but also a range of proteins, RNA, glycoconjugates, and lipids, indicating further potential therapeutic utility.

EVs isolated from preoperative plasma samples of 40 HCC patients revealed that those with higher levels of exoso-
mal miR-155 were significantly more advanced than those with lower levels [73]. The Kaplan–Meier analysis of survival 
revealed that disease-free survival was significantly lower in the miR-155 high group compared to the miR-155 low group. 
In addition, thirty surgically removed HCC specimens indicated a correlation between HIF-1 expression and exosomal 
miR-155. This study also indicated that under hypoxic conditions, HCC cell cytoplasmic and exosomal miR-155 expres-
sion was greatly increased [73]. The use of extracellular miRNAs as indicators of sickness is very attractive because of 
the specificity and sensitivity of miRNA detection [168–170]. Several circulating microRNAs, including miR-15a, miR-22, 
miR-92a, miR-122, and miR-192, have been shown to have a favorable correlation with obesity. However, findings might 
differ based on the isolation technique of the circulating miRNAs. To date, whole blood, serum, or plasma have been 
employed in the vast majority of studies examining circulating miRNAs. Many researchers have used macromolecular 
crowding reagents like polyethylene glycol or differential ultracentrifugation to separate sEVs from serum or plasma. 
The precision and repeatability required to consider a molecule as a biomarker may be considerably impacted by these 
various methods. The use of circulating miRNAs as reliable biological markers of health and sickness will be facilitated 
by the widespread adoption of standardized methodologies and procedures for the separation of circulating miRNAs, 
in combination with technologies that can identify their tissue of origin.

Compared to source cells, EVs are often abundant in sphingomyelin, phosphatidylserine, phosphatidic acid, ceramide, 
and cholesterol [171]. EV lipids are important for tumors to look the way they’re supposed to, but they may also serve 
as signal molecules in many biological processes [171]. Using high-throughput mass spectrometry and quantitative 
lipidomics, Skotland et al. confirmed the diagnostic value of exosomal lipids in prostate cancers and identified multiple 
lipids in exosomes isolated from the urine and cell culture supernatants of patients with prostate cancer and healthy 
controls [172]. Similarly, patients with prostate cancer had their urine, platelets, and exosomes examined before and 
after prostatectomy using targeted ultra-high performance liquid chromatography with tandem mass spectrometry. The 
findings demonstrated that the small-molecule metabolites in exosomes were linked to cancer [173]. In addition, EVs in 
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feces have potential as a biomarker for the early diagnosis of CRC [174]. This conclusion is supported by the discovery of 
two transmembrane proteins, CD147 and A33, on feces-derived extracellular vesicles (fEVs) that are inherently related 
with colorectal cancer. The detection findings reveal that the levels of CD147 and A33 on fEVs were significantly elevated 
in CRC patients, therefore separating them from healthy donors in a striking manner.

The prospect of integrating exosomal protein, lipid, RNA, and miRNA in cancer diagnosis and prognostic assessment 
is now being studied, given the current sophistication of analytical techniques. Using a mix of exosomal biomarkers, 
such as metabolites, RNAs, and proteins that uniquely represent disease characteristics, may increase the specificity and 
sensitivity of exosome-based cancer detection [69]. Cho et al. established a technique for multiplexed in situ detection of 
exosomal miRNAs and proteins that enabled the quantitative investigation of many disease-specific miRNAs and surface 
proteins in prostate cancer cell-derived exosomes in a single procedure [175].

6.2 � EVs as drugs or carriers for antitumor therapy

For the majority of medications, just a tiny quantity reaches the lesion to have a therapeutic impact. This decreases the 
effectiveness and might cause toxicity and significant side effects to the patient. EVs, as natural carriers of intercellular 
information, play a role in the interchange of biomolecules between cells; hence, they offer tremendous promise as 
innovative drug carriers. EVs offer several benefits, including their tiny size, inherent molecular transport characteristics, 
and high biocompatibility [176]. Meanwhile, exploring the processes through which adipocytes or EVs generated from 
AT influence obesity and cancer may aid in the development of novel treatment options. In a mice model in which dele-
tion of adipocyte-specific Sirt1(which results in obesity) was done [177], therapy with an exosome production inhibitor, 
GW4869, dramatically decreased body weight, enhanced insulin sensitivity, and inhibited carcinogenesis [178].

Researchers found that two subtypes (CD90 high and CD90 low) of ADSCs have different anti-tumor activities [179]. 
CD90-low ADSCs and their EVs significantly inhibited tumor growth in a mouse breast cancer model. This inhibition 
was associated with reduced tumor cell proliferation and migration and enhanced apoptosis of tumor cells mediated 
by ADSC-EVs. This work attempts to utilize recently found anticancer ADSCs and ADSC-EVs in the clinical treatment 
of breast cancer and offers evidence that EVs may be employed as a novel and effective therapeutic strategy or drug 
delivery vesicles [179].

Additionally, ADSCs may be genetically engineered to carry tumoricidal genes or interferons against neoplastic cells, 
and this strategy has shown promise in mouse models of lung cancer, gliomas, Kaposi’s sarcoma, and melanoma [180]. 
Curcumin is a natural polyphenol molecule that has been found to have anti-inflammatory effects in a number of studies 
[181]. EVs might carry paclitaxel, doxorubicin, and temozolomide [182, 183]. Therapeutic exosomes might potentially 
transport small interfering RNAs (siRNAs) or anti-miRNA oligonucleotides [184]. Furthermore, cutting-edge technologies 
such as nanoparticles (cationic liposomes) carrying tumor RNAs, dubbed RNA lipoplexes (RNA-LPX), have been created 
[185–187]. This class of RNA-LPXs was shown to activate the immune system. Intriguingly, MSCs have the remarkable 
characteristic of migrating and localizing in inflammatory and damaged microenvironments, such as solid tumors [188]. 
As a result of this characteristic, MSCs may promote tumor growth while also inhibiting tumor growth, and MSC-derived 
EVs have been proposed as a possible anticancer vaccination or medication delivery approach [189, 190].

To summarize the above, ADEVs have the advantages of lipid affinity and engineering feasibility, which make them a 
promising candidate for future tumor diagnosis and treatment.

7 � Perspective

As ADEV research continues to deepen, it has been shown to be widely present in the body and has broad potential 
applications in biology and medicine [18]. Future research on ADEVs may concentrate more on therapies for obesity-
related comorbidities, the development of biomarkers to aid in the early detection of malignancies, and the creation of 
cancer-specific medications.

(1)	 Interventions for obesity and obesity-related diseases: the cargo of ADEVs in the obese state can be taken up by 
different types of cells, thus inducing a number of different pathological conditions. Notably, specific ligand/recep-
tor interactions have been reported to mediate the uptake of ADEVs by T cells and to receive the effects of obesity. 
Blocking or altering ADEV uptake may have a great therapeutic potential. Obesity brings about chronic inflammatory 
and hypoxic niche in ATME, and studies based on the joint action of these two microenvironments will gradually 
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receive attention. In particular, EVs of macrophages and ADSC in Obese-ATME have been studied, acting on insulin 
resistance and angiogenesis [191, 192].

(2)	 ADEV-loaded gene editing technology: new information regarding the molecular connection between ADEVs and 
cancer cells may help the development and execution of innovative, long-term therapeutics employing novel chemi-
cals or repurposing existing medications established for other disease situations that target particular pathways 
in these cells. These medications might be utilized to directly target adipocytes and/or cancer cells as stand-alone 
therapies or as adjuvant medicines to maximize the efficacy of existing treatments. By using gene editing technol-
ogy to load RNA or proteins onto EVs and then releasing them into recipient cells, gene expression patterns can be 
manipulated or altered. This technology is being studied for its potential in treating various diseases.

Despite their numerous benefits, ADEVs present significant challenges in clinical applications, such as limited targeting 
efficacy and vulnerability to immune cell phagocytosis. Additionally, the procedure for isolating and purifying ADEVs 
is time-consuming and labor-intensive. ADEVs demonstrate considerable variability as well. The content of exosomes 
changes based on the kind of cells that make them, a factor that must be regulated in a therapeutic environment.

8 � Conclusion

In this review, we provide evidence supporting the crucial function of ADEVs in obesity and TME, as well as future 
potential as a therapeutic agent and biomarker for cancer. Despite the fact that complete comprehension has not been 
attained, the following is a summary:

Obesity increases the risk of malignancy and affects the prognosis of malignancies by altering receptor cells via ADEVs. 
Recent research has highlighted the role of ADEVs in the development and progression of numerous forms of cancer. 
This kind of communication may take place both practically and systematically. A hypoxic TME can be produced by 
obese ATME. To survive in a hypoxic microenvironment, tumor cells a variety of responses including producing ADEVs 
that transfer signals to other cells inducing cancer-promoting or protective effects. Hypoxic TME in obese AT produces 
exosomes that transfer signals to induce cancer-promoting or protective effects. Different EV loads exist in hypoxic and 
normoxic TMEs. Hypoxic TME lead to a greater quantity of vesicle released. In contrast, EVs from healthy adipose tissue 
contain an abundance of tumor suppressor molecules. ADEVs control cancer hallmarks by directing various cancer cell 
functions. Blocking AT expansion and inflammation, and understanding these processes, may offer possible solutions.
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